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Background
In legacy (up to Rel-18 NR specifications) beam management procedures, the network/gNB would instruct a UE, e.g., by providing a set of RSs and their respective uplink resources, to conduct channel measurement and reporting. The most resource-efficient reporting mechanism for a content or report quantity (e.g., a beam metric) is aperiodic – in conjunction with aperiodic CSI-RSs. The aperiodic measurement/reporting, however, would result in large latency (as shown in a conceptual example provided in Figure 1, an aperiodic triggering offset that typically comprises at least a few slots – in part of the overall measurement/reporting latency – is expected, in addition to the time it takes the network to determine that a new beam measurement report is needed).
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Figure 1. An example of AP CSI measurement/reporting procedure

On the other hand, the network can configure periodic CSI measurement and reporting, e.g., with a well-chosen periodicity, to reduce the overall measurement/reporting latency, and therefore, to timely acquire the best beams for data/control communications. The periodic measurement/reporting (followed by semi-persistent measurement/reporting), however, would result in increased RS, control signaling and UL resource overheads. It is evident that the system performance of the aforementioned periodic, semi-persistent or aperiodic measurement and reporting would depend on how much the network/gNB knows the channel(s). In practice, there are several relevant scenarios where the network/gNB lacks full knowledge of the channel conditions – or in other words, for certain settings, the UE would know the channel conditions (e.g., change(s) in beam quality due to UE’s switching of antenna panels) better than the network/gNB. For this case, purely relying on the network to configure, activate or trigger the measurement/reporting process would become less effective and efficient, leading to performance degradation especially when the channel varies at a relatively fast pace (e.g., in a high-speed train (HST) deployment scenario). Hence, there are clear benefits to let the UE initiate its own aperiodic reporting for a given content or report quantity (RQ). For example, when the channel condition is worsened to the point of beam failure, the loss of radio link due to beam failure can be avoided if the UE can transmit an aperiodic beam report without waiting for a beam report request/trigger from the network/gNB. For another example, when the channel quality drops due to UE’s movement, the link quality degradation can also be alleviated or avoided if the UE can initiate an aperiodic CSI report. 

Although UE-initiated reporting can be beneficial, efficient designs are needed to ensure that the latency is reduced and, at the same time, error events can be minimized, i.e., to offer a good trade-off between latency and reliability. This is clearly captured and described in the Rel-19 MIMO WID [1], wherein the objectives for the UEI reporting state that UL signaling content(s) and UL signaling medium/container – respectively for 1a and 1b in [1] – should be the design focus. 
“
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 provide our views on various design aspects related to the UE-initiated beam management enhancements according to the WID and the agreements made in RAN1#116 [2]. We also provide our thoughts on how we could proceed with the corresponding discussions in RAN1. 

Discussions on UE-initiated (UEI) reporting
In this section, we focus on various design aspects for the UEI beam reporting including trigger event(s) – along with the measurement RS(s) configuration/determination, UL signaling content(s) and UL signaling medium/container, and present our proposals on the related subject matters. To compare between using L1 signaling (i.e., UCI) and MAC CE as the UL signaling medium/container for the UEI reporting, we present detailed latency/overhead comparison between different options, and also provide SLS results to assess how their different reporting latency assumptions would impact the overall UPT performance. 

Discussions on the event(s) and the configuration/determination of the measurement RS(s)

It has been agreed in RAN1#116 that the UE-initiated beam reporting is based on detection of trigger event(s). A set of four candidate L1 events are provided for further study and down-selection. 
· 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
Among the four events, only Event-2 is meaningful in practice. Other events including Event-1, Event-3 and Event-4 are quite artificial, which would result in unnecessary triggering of the beam reporting. In particular, for Event-1, if suitable new beam(s) cannot be identified though the beam quality of the current serving beam is worsened to a point (but still, better than the BFD threshold), it provides irrelevant information to the network as the BFR procedure would not be triggered and the network cannot identify therefore switch to a new beam. 
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Figure 2. Simulation settings and assumptions

In this paper, we further provide SLS results to examine the impacts of different events, and therefore different trigger conditions, on the UPT performance. In Figure 2, we present simulation assumptions for our SLS results. As illustrated in Figure 2, a HST deployment scenario is assumed with same settings as those used for evaluating DL beam indication signalling medium(s) in Rel-17 multi-beam enhancements. In the simulations, a UE moves along a trajectory, and initiates or triggers a (UEI) beam reporting when the conditions of different trigger events are met. Upon reception of the UEI beam report(s), the network would indicate TCI state update, and the UE would apply the indicated TCI state(s) after a beam application time.
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Figure 3. Reporting overhead comparison between the four events

For each of the four events, we evaluate the number of triggered beam reports (on the RHS of Figure 3) for a given UPT performance (on the LHS of Figure 3). To achieve a similar UPT performance among the four events, we assessed various combinations of the threshold values for each of the events. It is event from Figure 3 that Event-2 exhibits the lowest number of triggered beam reports among the four events, and therefore, has the lowest triggering/reporting overhead. It can also be concluded from Figure 3 that Event-1, Event-3 and Event-4 would frequently trigger unnecessary beam reporting(s) – not improving the UPT performance, resulting in a waste of UL resources hence a significant source of overhead. Based on these observations, we provide the following proposal regarding the trigger event for the UEI beam reporting.

Observation 1: At least according to the SLS results, for a given UPT performance, Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) exhibits the lowest reporting overhead among the four events, and Event-1, Event-3 and Event-4 would frequently trigger unnecessary beam reporting(s) without improving the UPT performance.    

Proposal 1: On UE-initiated/event-driven beam reporting, support Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) for the trigger-event detection.
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Figure 4. TCI-State to provide candidate beam RS resources

To detect a trigger event, the UE needs to measure the corresponding reference signals (RSs) and assess their beam qualities. For Event-2, to evaluate the beam quality difference, measurement RS resources can be respectively configured or determined for the current serving beam and the candidate beam(s). In particular, the RS(s) for assessing the beam quality of the current serving beam should be the same as that provided in the indicated TCI state. This is because under the unified TCI framework, the UE-dedicated channels and signals would follow the indicated TCI state (and therefore, the QCL assumptions of the provided RS(s)), it would make the most sense to determine the RS(s) provided in the indicated TCI state as the measurement RS(s) for assessing the beam quality of the current serving beam. On the other hand, the candidate beams should correspond to those “neighboring” beams that surround the current serving beam, and with a TCI state update (and therefore, an update of the measurement RS for the current serving beam), the measurement RSs for assessing the candidate beams should be updated as well. We therefore propose to provide the RS resources for measuring the candidate beams’ qualities in the TCI-State that configures the indicated TCI state. One conceptual example of the corresponding signaling design is presented in Figure 4.

Proposal 2: On UE-initiated/event-driven beam reporting, 
· Support to determine the measurement RS resource configuration index for the current serving beam according to the RS resource configuration index provided in the indicated TCI state.
· Support to provide the measurement RS resource configuration index(es) for the candidate beam(s) in the TCI-State that configures the indicated TCI state.
Furthermore, additional filtering operation(s) for the trigger event detection is not needed (or there is no need to specify it). For instance, whether or not filtered RSRP should be used as the quality metric for the trigger event detection is completely subject to UE’s implementations and transparent to the specification(s). In addition, a counter or timer for declaring the trigger event detection – similar to that used for declaring a beam failure detection – is not needed for the UEI beam reporting. This is because: (1) if the measurement process is casual, the UE itself can perform the filtering operation(s) over the measurements by implementations, and (2) one of the design targets of the UEI beam reporting is to reduce latency; this is different from the beam failure detection/recovery process where the goal is to reliably detect a failed beam – i.e., the corresponding radio link quality should drop below a certain threshold for numerous times over a given time period (hence the counter and timer); that is, there is no clear benefit or motivation to apply the counter or timer design to the UEI reporting, which would only increase the overall latency.  

Observation 2: A counter or timer for declaring the trigger event detection is not needed because: (1) any filtering operation(s) over the measurements can be done by implementations, and (2) it would unnecessarily increase the overall latency for the UEI beam reporting.

Proposal 3: On UE-initiated/event-driven beam reporting, support L1-RSRP as the quality metric for the trigger event detection without: (1) specifying any filtering operations over the quality metric, or (2) applying any counter or timer to declare detection of the trigger event.

Discussions on UL signalling content(s)

To facilitate TCI state update, the UEI report should comprise at least (1) a number of NRS1 resource indicators including SSBRIs/CRIs, and (2) a number of NRS1 beam metrics including L1-RSRPs each associated to a resource indicator reported in the same instance, where the SSBRIs can be associated with the serving cell PCI or PCI other than the serving cell PCI (Rel-17 ICBM). Furthermore, to facilitate beam switching for a multi-panel UE (MPUE), the UEI report could also comprise the CapabilityIndex associated with the resource indicator(s)/beam metric(s) conveyed in the same report. In addition, as the target scenario of the Rel-19 UE-initiated reporting is single-TRP, we do not see the need to support the group based beam reporting format – specified in Rel-17 for multi-TRP operation – for the UEI report content(s). Also, reporting information related to TCI state(s) activation and/or switching in the UEI report(s) is out of the scope for the Rel-19 UEI beam reporting design. In a nutshell, the Rel-19 UEI report content(s)/report quantity(s) should account for legacy CSI/beam report quantity(s) as much as possible, and any additional content(s) for the UEI reporting, e.g., not in legacy CSI/beam reporting framework, would need further justifications.

Observation 3: The group-based beam reporting format specified for Rel-17 multi-TRP operation is not applicable for Rel-19 UE-initiated beam reporting targeting single-TRP operation.

Observation 4: According to the WID descriptions, reporting information related to TCI state(s) activation and/or switching in the UEI report(s) – in part of the content(s)/report quantity(s) – is out of the scope for Rel-19 UEI beam reporting design.

	Agreement from RAN1#116
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 



An agreement (see above) related to the UL signaling content(s) for the UEI beam reporting was made in RAN1#116. According to this agreement, the UEI report content(s)/quantity(s) would at least include the DL RS resource indicator(s) – meaning SSBRI(s)/CRI(s) – and L1-RSRP. The detailed report format including the number of reported beams in a reporting instance, orderings of the reported beams in the CSI-Report, support of differential L1-RSRP reporting and etc. can be specified after the discussions of the trigger event detection are settled. We therefore propose the following:

Proposal 4: The UL signaling content(s) for UE-initiated beam reporting facilitating fast beam switching should comprise at least
· A number of NRS1 resource indicators including SSBRIs/CRIs
· A number of NRS1 beam metrics including L1-RSRPs each associated to a reported resource indicator in the same instance
· CapabilityIndex for MPUE
Any additional content(s) or report quantity(s) to the above need further justifications, and detailed report format can be specified according to the determined trigger event.
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Figure 5. A conceptual example of flexible UEI reporting

To achieve a better trade-off between reporting overhead, latency and reliability, it may become preferable to allow the UE to decide what (not) to include in the UEI report – e.g., whether to provide a full-set or a sub-set of the report quantities (RQs) in the UEI report – see Figure 5. For instance, the CapabilityIndex may be absent from the UEI report if the UE sees no need of panel switching. For the same design merit, the UE could also autonomously determine the number of RQs (e.g., NRS) to be conveyed in a UEI report – for instance, if the channel condition is not favorable, the UE can send a reduced-size beam report with low-rate code to minimize the chance of missed detection of the UEI report(s). 

Proposal 5: For Rel-19 UEI reporting, support variable-size beam report(s),
· UE to determine a full-set or a sub-set of the contents/report quantities in the UEI report
· UE to determine the number of report quantities in the UEI report
The variable-size UEI beam report(s) can be sent over PUCCH/PUSCH resources, wherein the UE can indicate the payload size of the report(s).

In addition, the gNB/network can configure multiple configurations for the UEI reporting, and the UE can decide which one to use for sending the UEI report(s). The UE can also report the configuration index that the UE would like to report to avoid the network blind detecting the candidate configurations.

Proposal 6: Support the network to provide multiple configurations for the UEI reporting, and the UE to select and report one of the provided configurations for sending the UEI report(s). 

As will be discussed in later sections of this contribution, the UE can send the UEI report(s) via PUCCH/PUSCH resources, and the UE can also indicate to the network the payload size or the configuration index of the UEI report(s) to avoid gNB blind detection.             

Discussions on UL signalling medium/container

As the WID clearly states that the design focus of the UE-initiated beam reporting in Rel-19 is to reduce latency and/or overhead, it is evident that L1 signaling (i.e., UCI) should be used as the sole UL signalling medium/container rather than MAC CE. Below, we provide detailed analysis and comparison between UCI and MAC CE based design options in terms of their latency and overhead assumptions.

1. MAC CE based option

According to the FL summary from the last meeting (RAN1#116) and also the latest offline discussions, the MAC CE based option (i.e., Option-1) would at least comprise the following steps:

	· Option-1 (MAC-CE): 
· Step 1: UE transmits a SR for requesting UL-SCH resources, if trigger event occurs.
· Step 2: UE detects the DCI format for UL grant. 
· Step 3: The beam report is carried by MAC CE in a new transmission of PUSCH.
· Note: Step-1 and Step-2 can be skipped if UL-SCH resource is available for new transmission, and above do NOT imply to update the legacy procedure of MAC-CE. 
· Note: The MAC-CE can be carried in dynamically scheduled or semi-static configured resource.



It is not practical or realistic to rely on the assumption that there can be available UL-SCH resource(s) for new transmission to carry the beam report MAC CE– hence the assumption that Step 1 and Step 2 can be skipped to reduce latency unless CG PUSCH resources are configured. For example, MAC CE cannot be multiplexed in a PUSCH retransmission. Even there is available UL-SCH resource(s) for new transmissions, it does not mean that the beam report MAC CE can always be transmitted using the available resource(s). Whether or not the available UL-SCH resource(s) can be used for sending the beam report MAC CE would depend on various factors including mapping restrictions of logic channels to PUSCHs (e.g., the PUSCH could be scheduled for other LCHs), payload size of the beam report MAC CE and whether or not it will fit into the available UL-SCH resource(s) – MAC CEs cannot be segmented (either the complete or full MAC CE fits into the transport block and can be included, or otherwise it does not get to send at all).  

Pre-configured CG PUSCH resources or pre-scheduling (i.e., the gNB schedules a UL grant without detecting a SR) for the UEI report MAC CE would result in large overhead and should be avoided; otherwise, it would be against the objective of the WID. In addition, the CG PUSCH method has no benefit compared with legacy P/SP-CSI reports, and the pre-scheduling method has no benefit compared with legacy A-CSI reports but with large specification impact for MAC layer. Based on the above analysis, the MAC CE based solution should focus on the SR based method.

Observation 5: For MAC CE based solutions, multiplexing UEI beam report MAC CE in CG PUSCH transmissions has no benefit compared with legacy P/SP-CSI reports and multiplexing UEI beam report MAC CE in pre-scheduled PUSCH transmissions has no benefit compared with legacy A-CSI reports but with large specification impact for MAC layer.

Observation 6: Regarding using available UL-SCH resource for transmitting the beam report MAC CE:
· It is not practical or realistic to rely on the assumption that there can be available UL-SCH resource(s) for new transmission (hence the assumption that Step 1 and Step 2 can be skipped). 
· Even if there is available UL-SCH resource(s) available for new transmission, it cannot be guaranteed that the beam report MAC CE can be transmitted in the UL-SCH resource(s).
There are multiple sources of latency for Option-1:
· First of all, the SR in Step 1 cannot be triggered if the SR transmission occasion is overlapping with concurrent PUSCH transmissions according to the legacy SR triggering rules. The UE needs to wait for an SR transmission occasion not overlapping with the PUSCH transmissions. The waiting time could be long if there are ongoing UL transmissions especially for TDD bands. It is evident that the resulting latency for the whole procedure could be potentially very large and unpredictable.
· Upon detection of the SR, the gNB needs to schedule the corresponding UL PUSCH resource(s) with some scheduling delay.
· In Step 2, the minimum time gap between the indicated PUSCH resource and the PDCCH reception with the DCI format should satisfy the scheduling timeline and UCI multiplexing timeline.
· MAC layer specific latency assumptions including decoding and parsing the MAC CE, which is around 3ms, MAC PDU generation for new transmission, and etc.
It is worth noting there that a large portion of the overall latency assumption for the MAC CE based mechanism is fixed, which cannot be reduced via network’s configuration(s). 

In terms of overhead, MAC CEs are identified by an LCID value in the MAC CE’s subheader. This LCID is signalled via a 6-bit field allowing for 64 different codepoints. This 6-bit would always be there regardless of the actual payload size of the beam report – and of course, this would be a significant source of overhead. If these LCIDs are used up due to newly introduced MAC CEs, the LCID field, and therefore, the corresponding bitwidth would be increased, resulting in further increased overhead. Furthermore, in contrast to Option-3 (which will be discussed later), the DCI in Step 2 is also another source of overhead (from the perspective of DL signalling) – it would be highly preferable if such DL control signalling overhead can be saved or reduced for obvious reasons.

By taking into account all these design aspects and keeping in mind that the latency/overhead reduction is the design focus of this agenda item, the MAC CE based option cannot be justified as a viable or plausible solution for the UEI beam reporting.

2. UCI based options

On the contrary, the UCI based options (Option-2 and Option-3 as shown below) would have a much lower latency and smaller overhead than the MAC CE based Option-1.

	· [bookmark: OLE_LINK26][bookmark: OLE_LINK25]Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· 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. 



As can be seen from the above steps, Option-2 (dynamic scheduling based UCI solution) has the similar resource utilization rate, scheduling capability, DL signalling overhead (DCI in Step 2) and scheduling offset/delay compared with Option-1 (MAC CE based solution) assuming the periodicity of the SR for Option-1 and the periodicity of the first PUCCH for Option-2 are the same except that Option-1 has additional layers of latencies including the MAC layer specific latency assumptions along with the potential waiting time for the SR transmission due to the overlapping with concurrent PUSCH transmissions as discussed for the MAC CE based option. From this perspective, Option-1 is not appealing in contrast to Option-2 not to mention that it also deviates from the legacy CSI reporting framework (L1 only). 

Observation 7: Option-1 does not have any benefit/advantage over Option-2 – they are both dynamic scheduling based methods:
· Option-2 has a similar level of resource utilization rate, scheduling capability and DL control signalling overhead (PDCCH transmissions in Step 2) to Option-1
· Option-1 has additional layers of latencies including the MAC layer specific latency assumptions along with the potential waiting time for the SR transmission.
For better comparison between Option-2 and Option-3, we first elaborate on the signalling procedures of Option-3 (the signalling procedures of Option-2 are similar to those in legacy such as AP CSI triggering and reporting, which are omitted here). In particular, for Option-3, the network/gNB can configure a set of UL resources for the UEI beam reporting with a well-chosen periodicity/time interval between adjacent TOs. Here, examples of the UL resources designated for the UEI beam reporting can be pre-configured periodic PUCCH resources or CG PUSCH resources. 
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Figure 6. Transmission of pre-notification (PN) message

To better utilize the pre-configured UL resources for the UEI beam reporting and to let the network know when/where the UE would like to transmit an aperiodic beam report (so that the network would not need to always monitor the designated UL resources for the UEI reporting), a UE could transmit to the network a pre-notification (PN) message – the first PUCCH in Step 1. The transmission of the UEI report content(s)/quantity(s) – the second UL channel in Step 2 – can be preceded by the PN transmission (as shown in Figure 6), and upon detection of the PN, the gNB would monitor the corresponding UL resource(s) used to carry the actual report content(s); otherwise, the gNB would skip monitoring the corresponding UL resource(s) without the detection of the PN to save energy consumption. Furthermore, the network can re-allocate or re-assign the UL resource(s) “unused” for the UEI reporting for other purposes – e.g., for other UEs. As the primary purpose of the PN transmission is to indicate the transmission of the aperiodic UEI report(s) – including the corresponding report content(s)/quantity(s) as discussed above, the PN message can be a simple one-bit “on/off” indicator (or positive/negative), and of a new UCI parameter. Optionally, the PN message can also be used to indicate the payload size or configuration index of the actual UEI report content(s) especially when variable-size beam reporting or multiple configuration of beam reporting is enabled for the UE. 

One essential design aspect for Option-3 is how to efficiently allocate the UL resource(s) for the first and second channels. Specifically, the UL resource(s) can be dedicatedly configured for a UE – hence, no resource collision is expected. To improve the resource utilization rate, the network can re-schedule or re-allocate the pre-configured UL resource(s) to other UEs or for other purposes if no PN is received or detected. Below, we provide a detailed design example to illustrate various resource allocation aspects regarding Option-3.
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Figure 7. A conceptual example of resource configuration/allocation for Option-3

First of all, a time gap between the first PUCCH and the second UL channel can be configured by the network so that the network can re-allocate or re-schedule the resources for the second UL channel to avoid wasting of the pre-configured resources. For example, as shown in Figure 7, for each first resource for the first PUCCH transmission, the network can configure an associated second resource for the second UL channel transmission. The network can configure a pair for a first resource and the corresponding second resource. If the network does not detect the first PUCCH, the network can schedule the corresponding second resource for other purposes/UEs. The offset between the first resource and the second resource for each pair can ensure that the gNB can have enough processing time to re-schedule the second resource before the starting the second resource. Therefore, the resource utilization rate is the same as the UL transmissions as in Option-1 (without considering the MAC layer header) or Option-2. 

Based on the above elaborations, among the MAC CE based option (i.e., Option-1) and the two UCI options (i.e., Option-2 and Option-3), the two-step Option-3 obviously has the lowest latency (note that the other two options comprise three steps). In contrast to Option-1 and Option-2 where a PDCCH should be used to indicate the resource allocation for the UEI beam report (Step 2), Option-3 does not require PDCCH transmissions, which would save both scheduling latency/offset and the DL control signalling overhead. Not transmitting the PDCCH has other benefits: (1) the UE does not need to detect the PDCCH – detection of the PDCCH would require additional UE processing time as well as power consumption, and (2) for network energy saving which is another important KPI from network’s operational perspective. In a nutshell, Option-3 has the best performance in terms of latency, overhead and power consumption reductions among the three options.

Observation 8: For the comparison among Option-1, Option-2 and Option-3 for beam report transmission procedure for UE-initiated/event-driven beam reporting, 
· [bookmark: _GoBack]Option-3 has the best performance in terms of latency, overhead and power consumption reduction for UE and power consumption reduction for the network.
· Option 2 has the second best performance in terms of latency and overhead reduction.
· Option 1 has the worst performance with respect to latency, overhead and power consumption for UE and power consumption for the network.
Some further details regarding how to efficiently implement Option-3 are also clarified here:
· Both the PN (the first channel in Step 1) and the actual beam report contents/quantities (the second channel in Step 2) can be transmitted via PUCCH; comparing with MAC CE (on PUSCH), the control channel transmission has a significantly stringent target BLER, hence a reliable transmission of the UEI beam report(s) can be expected.
· Variable size beam report can be supported by incorporating an additional indication in part of the beam report; both PUCCH and PUSCH resource allocation in Step 2 can accommodate the variable size beam reporting. 
3. SLS results of comparing between MAC CE and UCI based options

In this paper, we further provide SLS results to examine the impacts of different latency assumptions, and therefore different UL signalling mediums/containers (i.e., UCI v.s. MAC CE), on the system performances including UPT and received SINR. The simulation assumptions for our SLS results are the same as those provided in Figure 2.
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Figure 8. Performance of UPT loss (%) for different report latency assumptions (SINR threshold for triggering the UEI report is set to 0 dB)
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Figure 9. Normalized UPT performance for different report latency assumptions (SINR threshold for triggering the UEI report is set to 0 dB) 

In Figure 8, we first show UPT loss (in %) of different reporting latency assumptions with respect to reporting in the same slot (i.e., 1 slot reporting latency in the plot). We evaluate a wide range of UEI reporting latency assumptions, e.g., from 1 slot, 4 slots etc. up to 100 slots, to characterize impacts of using L1 signaling or MAC CE to send the UEI report(s) on the system performance. As discussed earlier, for the MAC CE based UEI reporting, the overall reporting latency at least comprises a 3ms MAC CE application latency, corresponding 24 slots for a SCS of 120 kHz, while for the L1 signaling (UCI) based UEI reporting, the reporting latency can be a few (<10) slots or even within the same slot depending on network’s configuration(s) of the UL resources (or their TOs) for the UEI reporting. As can be seen from Figure 8, significant UPT loss can be observed when the UEI reporting latency is beyond 12 slots, which is still much less than that for the MAC CE application latency. The UPT loss for 4 slots and 8 slots – target scenarios for L1 signaling (UCI) based UEI reporting for this setting – is negligible and much smaller than the cases with 12 slots reporting latency assumptions. Figure 9 presents normalized UPT performance for different reporting latency assumptions with respect to reporting in the same slot (i.e., 1 slot reporting latency in the plot), which provides exactly the same observations/trends as those plotted in Figure 8. 
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Figure 10. Normalized UPT performance for different report latency assumptions (SINR threshold for triggering the UEI report is set to 10 dB) 

In Figure 10, we plot the normalized UPT performance for various reporting latency assumptions assuming a SINR threshold of 10 dB for triggering the UEI report (note that a SINR threshold of 0 dB is assumed for both Figure 8 and Figure 9). The results shown in Figure 10 are similar to those depicted in Figure 9 – the only difference is that significant UPT performance loss is observed for cases with 16 slots reporting latency assumptions in Figure 10 rather than 12 slots reporting latency assumptions in Figure 9. These observations are quite intuitive – more frequently triggered beam reporting (e.g., with a higher SINR threshold) may compensate for the gain loss brought by larger reporting delays.

Given the above discussions and numerical analysis, we provide the following proposal regarding the UL signalling medium/container for the Rel-19 UEI reporting enhancements.  

Proposal 7: To facilitate Rel-19 UE-initiated beam reporting target for reducing overhead and/or latency, support using L1 signaling (UCI) as the UL signaling medium/container to convey the UEI report content(s)/quantity(s). 
· Option-3 should be supported as baseline.

Conclusions 
In this contribution, we provide our views on various design aspects related to Rel-19 UE-initiated beam reporting. In particular, we present the following proposals and observations focusing on both UL signaling content(s) and UL signaling medium/container designs:

Observation 1: At least according to the SLS results, for a given UPT performance, Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) exhibits the lowest reporting overhead among the four events, and Event-1, Event-3 and Event-4 would frequently trigger unnecessary beam reporting(s) without improving the UPT performance.    

Proposal 1: On UE-initiated/event-driven beam reporting, support Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) for the trigger-event detection.

Proposal 2: On UE-initiated/event-driven beam reporting, 
· Support to determine the measurement RS resource configuration index for the current serving beam according to the RS resource configuration index provided in the indicated TCI state.
· Support to provide the measurement RS resource configuration index(es) for the candidate beam(s) in the TCI-State that configures the indicated TCI state.
Observation 2: A counter or timer for declaring the trigger event detection is not needed because: (1) any filtering operation(s) over the measurements can be done by implementations, and (2) it would unnecessarily increase the overall latency for the UEI beam reporting.

Proposal 3: On UE-initiated/event-driven beam reporting, support L1-RSRP as the quality metric for the trigger event detection without: (1) specifying any filtering operations over the quality metric, or (2) applying any counter or timer to declare detection of the trigger event.

Observation 3: The group-based beam reporting format specified for Rel-17 multi-TRP operation is not applicable for Rel-19 UE-initiated beam reporting targeting single-TRP operation.

Observation 4: According to the WID descriptions, reporting information related to TCI state(s) activation and/or switching in the UEI report(s) – in part of the content(s)/report quantity(s) – is out of the scope for Rel-19 UEI beam reporting design.

Proposal 4: The UL signaling content(s) for UE-initiated beam reporting facilitating fast beam switching should comprise at least
· A number of NRS1 resource indicators including SSBRIs/CRIs
· A number of NRS1 beam metrics including L1-RSRPs each associated to a reported resource indicator in the same instance
· CapabilityIndex for MPUE
Any additional content(s) or report quantity(s) to the above need further justifications, and detailed report format can be specified according to the determined trigger event.

Proposal 5: For Rel-19 UEI reporting, support variable-size beam report(s),
· UE to determine a full-set or a sub-set of the contents/report quantities in the UEI report
· UE to determine the number of report quantities in the UEI report
The variable-size UEI beam report(s) can be sent over PUCCH/PUSCH resources, wherein the UE can indicate the payload size of the report(s).

Proposal 6: Support the network to provide multiple configurations for the UEI reporting, and the UE to select and report one of the provided configurations for sending the UEI report(s). 

Observation 5: For MAC CE based solutions, multiplexing UEI beam report MAC CE in CG PUSCH transmissions has no benefit compared with legacy P/SP-CSI reports and multiplexing UEI beam report MAC CE in pre-scheduled PUSCH transmissions has no benefit compared with legacy A-CSI reports but with large specification impact for MAC layer.

Observation 6: Regarding using available UL-SCH resource for transmitting the beam report MAC CE:
· It is not practical or realistic to rely on the assumption that there can be available UL-SCH resource(s) for new transmission (hence the assumption that Step 1 and Step 2 can be skipped). 
· Even if there is available UL-SCH resource(s) available for new transmission, it cannot be guaranteed that the beam report MAC CE can be transmitted in the UL-SCH resource(s).
Observation 7: Option-1 does not have any benefit/advantage over Option-2 – they are both dynamic scheduling based methods:
· Option-2 has a similar level of resource utilization rate, scheduling capability and DL control signalling overhead (PDCCH transmissions in Step 2) to Option-1
· Option-1 has additional layers of latencies including the MAC layer specific latency assumptions along with the potential waiting time for the SR transmission.
Observation 8: For the comparison among Option-1, Option-2 and Option-3 for beam report transmission procedure for UE-initiated/event-driven beam reporting, 
· Option-3 has the best performance in terms of latency, overhead and power consumption reduction for UE and power consumption reduction for the network.
· Option 2 has the second best performance in terms of latency and overhead reduction.
· Option 1 has the worst performance with respect to latency, overhead and power consumption for UE and power consumption for the network.
Proposal 7: To facilitate Rel-19 UE-initiated beam reporting target for reducing overhead and/or latency, support using L1 signaling (UCI) as the UL signaling medium/container to convey the UEI report content(s)/quantity(s). 
· Option-3 should be supported as baseline.
References
[bookmark: _Ref78465353][1] 3GPP RAN#102, RP-233962, “New WID: NR MIMO Phase 5,” December 2023.
[2] Chairman Notes, 3GPP RAN1#116, Feb. – Mar., 2024.
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