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1. Introduction
[bookmark: _Hlk30969022]The Rel-19 WID on NR MIMO phase 5 [1] includes the following objective:
	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
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


In this contribution, we will provide our views on the design of UE-initiated beam reporting, including the UL signaling medium for beam reporting and the contents of each beam reporting.
2. Trigger Event
We have agreed to support Event-2 for Rel-19 UE-initiated beam reporting:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· At least L1-RSRP is supported as quality metrics used for Event-2 
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event 
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose. 
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.

Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, the threshold value is RRC configured  
Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured


Regarding the RS measurement for new beam in Event-2, the method of Option-3a is preferred. The gNB shall provide a set of CSI-RS resources or SSBs explicitly to the UE in RRC. That can provide a clear and simple signaling method for the system. The system has the flexibility to choose proper subsets of RS for the UE to measure. The issue of Option-3b is: the ‘best’ beam at particular moment is not necessarily one of the QCL RS in the activated TCI states. If Option-3b is selected, the beam selection would be stuck in those particular subsets of the activated TCI states. The problem of Option-3c is not all configured TCI states are proper for proper candidate for the indicated TCI state for PDSCH/PDCCH in the unified TCI framework. Forcing the UE to measure RSs corresponding to all the configured TCI state would be a waste.
[bookmark: _Hlk166014947]Proposal 1: For the RS measurement for new beam in Event-2, support Option-3a:
· The gNB explicitly provides a set of CSI-RS resources or SSBs for the UE to measure new beam for Event-2 in RRC.
L1-RSRP is the measurement metric used in Event-2. The UE measures the L1-RSRP of the RS corresponding to the current beam and the L1-RSRP of the CSI-RS resources/SSBs for new beam. When the L1-RSRP of one or more CSI-RS or SSBs is X dB larger than that of the RS corresponding to the current beam, the Event-2 is triggered. Whether filtering, timer or counter shall be applied on L1-RSRP shall be up to UE implementation.
[bookmark: _Hlk166014952]Proposal 2: For Event-2, the trigger condition is that the L1-RSRP of at least one beam is X dB larger than the L1-RSRP of the current beam and how to use L1-RSRP is up to UE implementation.
Regarding the RS for current beam, we have agreed to support Option-2a. Since the UE always has a indicated TCI state and the UE can derive the RS for current beam from the indicated beam, there is need to additionally introduce Option-2c. For the RS of current beam, we think it can be CSI-RS resource or SSB. L1-RSRP is the metric to detect Event-2 and the L1-RSRP shall be compared with same type of RSs. It is not feasible to compare the L1-RSRP of one CSI-RS resource with one SSB to detect the Event-2. Therefore, we shall unify the RS type of the current beam and the new beam. When the RS for new beam is CSI-RS resource, the RS for current beam shall be the CSI-RS that is the QCL source in the indicated TCI state. But when the RS for new beam is SSB, the RS for current beam shall be SSB that the QCL RS in the indicated TCI state is QCLed to.
[bookmark: _Hlk166014962]Proposal 3: For determining RS for current beam in Option 2-a:
· If the RSs for new beams are CSI-RS, the RS for current beam is the QCL RS of the indicated TCI.
· If the RSs for new beams are SSB, the RS for current beam is the SSB that the QCL RS in the indicated TCI state is QCLed to.
Nine more events were listed for FFS:
	Agreement
On UE-initiated/event-driven beam reporting, further study the following trigger events: 
· Event-1: Quality of the current beam is worse than a certain threshold.
· 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.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).


Regarding the alternative events listed in previous agreement:
· Event-1: That is not a valid condition for system to switch the TCI state. Quality of current beam being below some threshold only means the beam quality of current TCI state is not good. But that does not necessarily mean the gNB has to switch the TCI state. The reason is for intra-cell beam management, the system would always choose the ‘best’ beams among all beams for each UE, no matter what is the absolute value of L1-RSRP of that beam. Furthermore, when the beam quality of current beam is so bad that beam failure event is detected, the beam failure recovery procedure would be triggered.
· Event-3: That is not a valid condition for switching TCI state too. The quality of one beam being above some threshold only means that beam has good beam. But the gNB still would not choose to switch to that beam if the current beam is still the best beam.
· Event-4: That is not a valid condition for switching TCI state. Event-4 seems to define similar condition as the Event-2. But actually, they define totally different criterions.  The problem of Event-4 is that it includes the threshold on absolute value of beam quality measurement, for example L1-RSRP. 
· Event-5: this event will be triggered even when the current beam is still the beam with best L1-RSRP.  It happens when one new beam and the current beam have similar L1-RSRP. It is not valid condition for switching TCI state. Furthermore, this would cause continuous ping-pong effect.
· Event-6: current beam being not in the best K > 1 beams seems to be reasonable event. However, that might cause lots of ping-pong effects because there is no threshold to provide a safe zone. Furthermore, the use case of Event-6 can be covered by Event-2. Thus, there is no reason to support Event-6 additionally.
· Event-7a/7b: the motivation of them is to monitor the beam quality of activated beams and replacing them when they are not the best. Event-7a considers the cases where new beams is better than some of the activated beams and event-7b considers the cases where new beam is better than all the activated beams. Event-7a does not trigger the beam switch. Event-7b might trigger beam switch but this case is already covered by Event-2.
· Event-8: Event-8 can be a more general version of Event-2 if the value of M can be 1 and can be configured by the NW. 
· Event-9: It is actually the Event-2 with one specific way of obtaining the measurement RS corresponding to the current beam.
In summary, at the current stage, our view is to only specify one Event-2 and we shall first finish the design of framework design based on the agreed Event-2 and we do not consider other event.
[bookmark: _Hlk166014969]Proposal 4: Do not support any other event in addition to Event-2.
3. Reporting Contents
The reporting contents were discussed and the following agreement was made:
	Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.


In our view, Option-1 is preferred and all the other options have some issues:
· Option-1a: In Option-1a, N beam reported and it is only requested to report at least one beam that satisfy the condition of event-2. That means all the other N-1 reported beam could be any beams with any L1-RSRP beam quality. The reporting of those N-1 reported beam could be totally useless to the NW,
· Option-1b: the problem of Option-1b is the zero-padding when N is less than Nmax.  In the beam reporting, CRI or SSBRI is reported and the value of CRI or SSBRI could be zero, which indicate the first entry in the reference signal set configured for new beam. Therefore, the NW might be confused by the zero padding. The NW does not whether the all-zeros is zero padding or is a CRI/SSBRI being 0.
· Option-2: the issue of Option-2 is the reported information is too limited and only one beam is reported. 
· Option-3: the issue of Option-3 is similar to that of the Option-1a. It only requires the UE to report at least one beam that satisfies the condition of Event-2, but has no quality requirement on all the other N-1 reported beams. 
In Option-1, the UE reports and only reports all the beams that satisfy the condition of Event-2. For UE-initiated beam reporting, only the information of those beams are useful to the NW and the UE only needs to report them to the NW. Since N could be smaller than Nmax, the UE shall also report the information of N. In each beam reporting instance, the UE can report one indicator of the value of N. The bit width of this indicator can be  and the value of N is = the value of the indicator +1. For example, the indicator being all zeros means N=1 beams are reported. 
In Option -1a, if the N = 1, the UE reports the CRI/SSBRI of that beam and the corresponding L1-RSRP value. If the N > 1, the UE reports the CRI/SSBRI of each report beam and the L1-RSRP of the reported beam with the largest L1-RSRP measurement. For all the other reported beam, the UE reports the differential L1-RSRP with reference to the reported L1-RSRP.
[bookmark: _Hlk166015031]Proposal 5: For UL reporting content of L1-RSRP of Event-2, support Option-1:
· The UE reports N ≤ Nmax beams that satisfy the condition of Event-2 and the corresponding L1-RSRP measurement.
· When N =1, the UE reports the CRI/SSBRI and the corresponding L1-RSRP
· When N >1, the UE reports N CRIs/SSBRIs. The UE reports L1-RSRP of the CRI/SSBRI with the largest L1-RSRP and for the all the other N-1 CRIs/SSBRIs, the UE reports the differential L1-RSRP with reference to the largest L1-RSRP.
· The UE reports one indicator that indicates the value of N.
Another issue is whether the current beam is also reported. In our view, the current beam shall be reported.  With those N reported beams that satisfy the condition of Event-2, the L1-RSRP measurement of current beam can provide the accurate information on how much each reported beam is better than the current beam. the NW will switch the beam to one of them. Reporting the L1-RSRP measurement of current beam is sufficient, however, the CRI or SSBRI corresponding to the RS of current beam is not needed because the gNB knows which one is the current beam. The UE can report the differential L1-RSRP of the current beam with reference to the largest L1-RSRP in the same reporting instance.
[bookmark: _Hlk158241666][bookmark: _Hlk166015036]Proposal 6: For L1-RSRP reporting of Event-2, support reporting the differential L1-RSRP of the current beam additionally. 
4. UL signaling for reporting
For beam reporting of UE-initiated beam reporting, we have agreed to use UCI:
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]Mode A (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
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (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. 
· FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.


For Mode A, the step 1 shall be a 1-bit UCI transmission and this 1-bit UCI transmission is used to request a PUSCH allocation for the UE to report the UCI containing the UE-initiated beam reporting. The PUCCH resource for step 1 shall be dedicated PUCCH resource. Since no new DCI format is introduced, the 2nd UL channel can only be a PUSCH scheduled by the NW.
[bookmark: _Hlk166015045]Proposal 7: In Mode A for UE-initiated beam reporting:
· The step 1 PUCCH resource is a dedicated PUCCH resource carrying 1 bit information.
· The 1-bit information in step 1 PUCCH requests PUSCH allocation to carry the beam report.
For Mode B:  the step 1 shall be a 1-bit UCI transmission in PUCCH that indicates if the corresponding step 2 UL channel is occupied by the UE.  The step-1 is a 1-bit UCI in a dedicated PUCCH resource. The 2nd UL channel can be a preconfigured PUCCH or PUSCH. Considering the payload size of the UE-initiated beam reporting, a preconfigured PUCCH resource is preferred. 
[bookmark: _Hlk158241690]Proposal 8: In Mode B for UCI-based UE-initiated beam reporting:
· The 1st PUCCH resource is a preconfigured periodic PUCCH resource that carries 1-bit UCI that indicate if the corresponding 2nd UL channel is occupied by one UE-initiated beam reporting. 
· The 2nd UL channel is a pre-configured periodic PUCCH resource.
· The 1st PUCCH resource and the 2nd PUCCH resource have the same periodicity and they have one-to-one mapping between PUCCH resource instance.
After the UE reports one instance of UEI beam report, the gNB shall feedback one acknowledge to the UE if the gNB receives the report correctly. The reason for that is that the UE can behave properly only if the UE can receive an ack after the UE reports one instance of UEI beam report. Generally, the UE determine UEI beam report according to some triggering events or conditions. When the event happens or the condition is met, the UE would transmit the latest beam measurement to the gNB.  After the UE reports, the same triggering event or condition would be there for some time period. If the UE does not receive an ack after reporting one UEI beam report, the UE might report the same beam content again and again, which would cause unnecessary uplink resource waste. Supporting an ack can effectively avoid such UE misbehavior. 
[bookmark: _Hlk158241694]Proposal 9: In both Mode A and B, after the UE reports one UEI report instance, the gNB shall send a response to the UE.
· This response is needed to avoid the UE keep reporting the same beam reporting content caused by the same trigger event.
5. Conclusions
In this contribution, we present our views on UE-initiated beam reporting and the following proposals are made:
Proposal 1: For the RS measurement for new beam in Event-2, support Option-3a:
· The gNB explicitly provides a set of CSI-RS resources or SSBs for the UE to measure new beam for Event-2 in RRC.
Proposal 2: For Event-2, the trigger condition is that the L1-RSRP of at least one beam is X dB larger than the L1-RSRP of the current beam and how to use L1-RSRP is up to UE implementation.
Proposal 3: For determining RS for current beam in Option 2-a:
· If the RSs for new beams are CSI-RS, the RS for current beam is the QCL RS of the indicated TCI.
· If the RSs for new beams are SSB, the RS for current beam is the SSB that the QCL RS in the indicated TCI state is QCLed to.
Proposal 4: Do not support any other event in addition to Event-2.
Proposal 5: For UL reporting content of L1-RSRP of Event-2, support Option-1:
· The UE reports N ≤ Nmax beams that satisfy the condition of Event-2 and the corresponding L1-RSRP measurement.
· When N =1, the UE reports the CRI/SSBRI and the corresponding L1-RSRP
· When N >1, the UE reports N CRIs/SSBRIs. The UE reports L1-RSRP of the CRI/SSBRI with the largest L1-RSRP and for the all the other N-1 CRIs/SSBRIs, the UE reports the differential L1-RSRP with reference to the largest L1-RSRP.
· The UE reports one indicator that indicates the value of N.
Proposal 6: For L1-RSRP reporting of Event-2, support reporting the differential L1-RSRP of the current beam additionally. 
Proposal 7: In Mode A for UE-initiated beam reporting:
· The step 1 PUCCH resource is a dedicated PUCCH resource carrying 1 bit information.
· The 1-bit information in step 1 PUCCH requests PUSCH allocation to carry the beam report.
Proposal 8: In Mode B for UCI-based UE-initiated beam reporting:
· The 1st PUCCH resource is a preconfigured periodic PUCCH resource that carries 1-bit UCI that indicate if the corresponding 2nd UL channel is occupied by one UE-initiated beam reporting. 
· The 2nd UL channel is a pre-configured periodic PUCCH resource.
· The 1st PUCCH resource and the 2nd PUCCH resource have the same periodicity and they have one-to-one mapping between PUCCH resource instance.
Proposal 9: In both Mode A and B, after the UE reports one UEI report instance, the gNB shall send a response to the UE.
· This response is needed to avoid the UE keep reporting the same beam reporting content caused by the same trigger event.
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