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1 [bookmark: _GoBack]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 potential methods targeting for reducing overhead and latency of the UE-initiated beam report.
2 Trigger events 
2.1 Issues for Event-2
In RAN1#116b meeting, the following agreements related to Event-2 for UE-initiated beam reporting were endorsed [2].
	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, ‘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


Beam report triggering
For the sake of robustness, event triggered measurement reporting in Layer 3 is triggered when the trigger event is fulfilled based on the L3-filtered measurement results within a TimeToTrigger duration, and a beam failure recovery procedure is triggered when the beam failure instance indication from lower layers has been counted to the maximum value.  
Similarly, it is preferred to support counter based beam report triggering mechanism, and whether the beam report instance indication for each counting is filtered or not by Layer 1 can be up to UE implementation. 
Proposal 1: For UE-initiated/event-driven beam reporting procedure, support to specify that UE-initiated beam report triggering is based on a counter with a timer as legacy BFR.
· Note: Up to UE implementation to use L1-filtered RSRP value or non-filtered RSRP value for trigger event evaluation.
RS measurement of new beams
In legacy, reference signals for measurement are explicitly configured for either measurement report in L3 or CSI report. Hence, Option-3a, i.e., the RS(s) for new beam(s) are explicitly configured by RRC, is preferred.
In addition, as analyzed in section 3, in order to leverage legacy CSI report, DL RS ID of new beams should be designed based on CRI or SSBRI, where the field is determined based on the configured measurement RS set. If the new beams are implicitly derived, additional specification impacts are needed to specify the DL RS ID. 
As for the concern that new beams should be associated with the configured TCI states, it seems sufficient to restrict that the measurement RSs configured for the new beams are expected to be associated with the configured TCI states.
Proposal 2: Regarding Event-2 for UE-initiated beam report, support that measurement reference signals for the new beams are explicitly configured by RRC as legacy CSI report configuration.
· Note: The configured reference signal resources are expected to associate with the configured TCI states.
RS measurement for the current beam
Considering beam width or bandwidth of an SSB and an CSI-RS is typically different, the same type of DL RS for new beams and current beam for trigger event evaluation should be ensured to avoid introducing unexpected bias. Accordingly, when measurement RSs for the new beams are explicitly configured by RRC, whether the RS for current beam can be the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state can be based on whether CSI-RSs or SSBs are configured for the new beams.
Due to it has been agreed that ‘current beam’ is a beam corresponding to the indicated TCI state, it is unclear how to configure the measurement RS for the indicated TCI state. Meanwhile, it should be noted that if the indicated TCI state is updated, reconfiguration of the measurement RS for the current beam is needed in Option-2c. Therefore, Option-2c should be deprioritized. 
Proposal 3: Regarding Event-2 for UE-initiated beam report, support that measurement reference signal for the current beam derived implicitly (i.e., Option-2a) has a same type of measurement reference signals for the new beams configured by RRC. 
2.2 Other trigger events  
In RAN1#116b meeting, the following agreement related to definitions of trigger events besides Event-2 was endorsed [2].
	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).


Taking both use case and necessity into consideration, we have the following views on the additional trigger events.
· Event-1
· Event-1 is quite similar as beam failure detection. Even though it can be assumed that Event-1 is triggered in the case that the current beam can still work with a not good quality but not with a quite worse quality as that in BFD, the necessity is still unclear. 
· If there is a new beam better than the current beam, Event-2 can be triggered to assist NW to update the current beam. If there are no new beams better than the current beam and Event-1 is triggered, the UEIBR can only indicate to network to initiate a new beam sweeping for identifying new beam. But, this method can be exactly handled by BFR procedure without indication of new candidate beam. 
· Event-3
· Event-3 can be used to report the beams having a quite good quality, but the reported beams might not be helpful to network for TCI state update when the activated TCI states are all good enough. Subsequently, it may lead to resource wasting of UEIBR due to the redundant reporting. Meanwhile, configuring an appropriated threshold is quite difficult for gNB. 
· Event-4
· Event-4 is for the update of indicated TCI state as Event-2 and there is no obvious difference between these two trigger events in principle. Besides, it is agnostic to gNB to determine the threshold of new beam in advance. Hence, Event-4 is unnecessary.
· Event-5
· The use case of reporting a new beam with a quality close to the current beam is unclear. Some further justification may be needed if this event is relevant to identify another neighboring beam(s) between current and new beams in spatial domain. Then, if having an appropriated configuration for a threshold, we do believe that this feature can be handled well by event-2. 
· Event-6
· Without the threshold, the current beam is not in the best K beam does not mean that the current beam requires to be updated. For instance, when quality of beams is closed to each other, even if the current beam is not in the best K beams, TCI state switching is not necessary.   
· Event-7a
· If the activated TCI state with the lowest quality is used for trigger event evaluation, the reporting frequency might be higher, which disobeys the principle of report overhead reduction.
· Meanwhile, as depicted as in Figure 1, basically only the worst activated TCI state or some worse activated TCI states can be updated by the new beams based on the reporting triggered by Event-7a. But the activated TCI state with a higher quality is more likely to be applied for transmissions, hence UEIBR triggered by Event-7a might be beneficial to ensure better quality of activated TCI states overall but it is not helpful to reduce the latency of TCI state switching.


Figure 1 Quality of activated TCI states and new beams for Event-7a
· Event-7b
· Compared with Event-7a, due to quality of the new beam is better than any activated TCI states, the other activated TCI states besides the best activated TCI state can be updated based on the reporting triggered by Event-7b, which can be seen as in Figure 2.


Figure 2 Quality of activated TCI states and new beams for Event-7b
· However, the triggering condition of Event-7b might be so tight that the reporting frequency can be relatively lower, and it may lead to significant latency for activated TCI state update.
· For the sake of a moderate reporting frequency and a tradeoff between timely activated TCI states update and indicated TCI state switching, we suggest to introduce a new variant of Event-7x accordingly, that is:
·  Event-7c: 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 M-th best quality (M ≥ 1).
· Besides the reporting of the new beams, activated TCI states with quality not less than the M-th best quality should be supported. Similar to Event-7a, although it cannot ensure that all the reported old activated TCI states can be updated by the new beams, at least the TCI states which are not reported and the activated TCI state with the M-th best quality can be updated accordingly. Whether the reported activated TCI states with quality not less than the M-th best quality can be updated or not might be determined according to the quality of new beams.
· Event-8
· Event-8 might could be an enhancement design based on Event-2, where the number of new beams better than the current beam is changed from at least one to more than one, which results in a lower reporting frequency. However, additionally supporting Event-8 seems unnecessary when compared to Event-2.  
· Event-9
· The benefits of supporting to use the configured reference RS but not that derived from the current beam as defined in Event-2 should be clarified at first for Event-9. 
Proposal 4: On UE-initiated/event-driven beam reporting, support to introduce one trigger event for update of activated TCI states additionally.
· Event-7c: 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 M-th best quality (M ≥ 1).
· FFS: How to determine the value of M.
3 UL signaling contents
In RAN1#116 and RAN1#116b meeting, the following agreements on signaling contents of a UE-initiated beam report were endorsed [2, 3].
	Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
· Support of one or multiple events will be discussed separately
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.


Regarding the signaling contents for UE-initiated beam reporting, the legacy CSI reporting for beam reporting can be considered as a starting point (see the following excerpts in TS 38.212).
· 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>


Since only Event-2 is supported, the signaling contents of UEIBR once Event-2 is detected are analyzed as follows.
Reporting of the current beam
· Although some new beams better than the current beams can be reported, it does not mean that the current beam is so worse that it cannot be used for transmissions. For instance, it can be still good enough to be an activated TCI state. Therefore, reporting quality, i.e., L1-RSRP, of the current beam is valuable, and whether the measurement result for current beam is reported or not can be enabled by RRC.
· As for whether or not to count the current beam in the number of reported beams, it should be decided after down-selection of the options with regard to the number of reported beams. To take Option-1 as an example, all the N reported beams should satisfy the condition of Event-2, therefore it is reasonable not to count the current beam into N. But actually, there is minor difference for the two methods.
DL RS resource indicator
· CRI or SSBRI can be reported as legacy.
· CRI or SSBRI corresponds to the new beams are reported.
· Since the current beam is not explicitly configured, the corresponding RS cannot be indicated by CRI/SSBRI explicitly, hence this field can be not needed for current beam.
L1-RSRP
· If absolute L1-RSRP value of a DL RS is indicated, 7 bits are needed.
· If differential L1-RSRP value of a DL RS is indicated, 4 bits are needed. 
· If differential reporting is supported for the sake of report overhead reduction, determination of beam/RS corresponding to the absolute L1-RSRP indication should be discussed.
· If the highest L1-RSRP value is indicted by the absolute value, the new beam with the highest quality value can be indicated absolute value, and the other new beams and the current beam are indicated with differential values.
· If the lowest L1-RSRP value is indicted by the absolute value, for Option-1a and Option-3, the beam corresponding to the lowest L1-RSRP value is not fixed, therefore it might be complex to design the mapping of indication fields for UEIBR.
Proposal 5: Regarding UL signaling content(s) of UEIBR triggered by Event-2, the following indications should be considered:
· DL RS ID (e.g., CRI or SSBRI) of the new beam(s);
· RRC configures to report L1-RSRP of the current beam or not;
· Differential L1-RSRP reporting
· Absolute L1-RSRP value is for the new beam with the highest L1-RSRP value;
· Differential L1-RSRP value is for the other new beams and the current beam if reported;
· Note: To leverage legacy CSI framework as much as possible, Table 6.3.1.1.2-6 provided in TS 38.212 can be used as the starting point for details of the UL signaling contents (e.g., the field and bitwidth).
The number of new beams to be reported
· The Options listed above can be divided into two categories, one is fixed size of beam report and another is variable size of beam report.
· Variable size of beam report
· Option-1 has an advantage of reducing payload size of beam report by assuming that quality of the new beams not fulfilling the trigger event is barely valuable to network decision on TCI state update.
· Compared with Option-1, Option-1a does not strictly request to only report the new beams which satisfy the condition of the trigger event, and similar as Option-3, beams not fulfilling the trigger event can be reported as well. 
· But, it is unclear how to determine the number of reported new beams in Option-1a if it does not depend on whether condition of the trigger event is satisfied or not. A better solution might be up to UE implementation to determine the number of reported RSs.
· For either Option-1 or Option-1a, an additional indication for the number of reported beams is required. For instance, if up to 4 beams can be reported, a two-bit indication should be introduced. 
· Fixed size of beam report
· For Option-1b, the UCI payload is not saved, and it does not provide any additional information for new beams which do not fulfill the trigger event, even though such additional information might could be useful to network for usages other than TCI state switching or update.
· For Option-2, when more than one new beam fulfill the trigger event, always reporting one new beam is not beneficial to NW scheduling. Normally, if a UE can report multiple new beams, network can determine to select one of the new beams to update TCI state of the UE. However, if only one new beam is reported, the corresponding beam report might be ignored by network if the new beam is not suitable to update the old TCI state for the reason of interference.
· Option 3 reuses the legacy CSI report framework, where the number of reported RSs is configurable, and the report size corresponding to a given report configuration is fixed. The report content design can be simple due to without introducing additional indication field for the number of reported RSs. In addition, when the number of new beams fulfilling the trigger event is less than the fixed number of reported RSs, reporting quality of the beams not fulfilling the trigger event might be valuable as well to make network realize the beam quality at UE side.
Proposal 6: Regarding the number of reported beams in UL signaling content(s) of L1-RSRP report triggered by Event-2, support to further discuss the following two options:
· Option-1 (variable size): N beam(s) are reported in the report instance, where N ∈ {1, 2, ..., Nmax} and the N beam(s) should satisfy the condition of Event-2.
· An indication of the number of reported beams is introduced.
· Option-3 (fixed size): N ≥ 1 beam(s) are reported in the report instance, where N is configured by gNB.
4 UL signaling container
In RAN1#116b meeting, the following agreement on beam report transmission procedure for UE-initiated/event-driven beam reporting was endorsed [2]. 
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· 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.


4.1 First PUCCH
First PUCCH
· One bit
· In Mode A, UE transmits a first PUCCH to request a resource for a second UL channel to carry beam report, whereas the first PUCCH actually plays a role as scheduling request in such case.
· Although the first PUCCH in Mode B is not used to request uplink resources in fact, for the sake of a unified design and not introducing a new type of UCI, the first PUCCH in Mode B should be considered as an SR as well.
· In such way, multiplexing rule and triggering mechanism of an SR in legacy can be leveraged as much as possible.
· With regards to whether a dedicated PUCCH resource or an SR configuration dedicated to UEIBR can be configured for the first PUCCH, it should be noted that when more than one SR are transmitted on a PUCCH because of multiplexing, UE generates a set of UCI bits based on the positive and negative status of all the SR configurations in the order of values of scheduling request resource ID. The details can be find as following excerpts in TS 38.213. Therefore, if a dedicated PUCCH resource is configured for UEIBR and it is regarded or multiplexed as SR, specification impacts might be huge.
· Besides, considering the total number of SR configurations is limited, configuring an SR configuration per report configuration is impossible, hence a common SR configuration should be supported. In case that UEIBR is triggered for any one of the report configurations, the first PUCCH is transmitted.
	9.2.5.1  UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
If a UE would transmit a PUCCH with  HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in clauses 9.2.1 and 9.2.3,  bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, a schedulingRequestResourceId associated with schedulingRequestID-BFR-SCell, a schedulingRequestResourceId associated with schedulingRequestID-BFR, a schedulingRequestResourceId associated with schedulingRequestID-BFR2 if the UE provides twoLRRcapability, and a schedulingRequestResourceId associated with schedulingRequestID-LBT-SCell, are appended to the HARQ-ACK information bits and the UE transmits the combined  UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as described in clauses 9.2.1 and 9.2.3. If one of the SRs is a positive LRR, the value of the  bits indicates the positive LRR. An all-zero value for the  bits represents a negative SR value across all  SRs.


· Multiple bits
· In the current specifications, just HARQ-ACK codebook and CSI report can be larger than 2 bits. Obviously, if multiple bits can be carried by the first PUCCH, it should be regarded as CSI.
· According to the current specifications, only PUCCH format 2/3/4 can be configured to carry CSI reports, which means that bit size of a CSI report should be larger than two. Therefore, the size of multiple bits should always be larger than two, but not variable from one to multiple according to the report contents on the second UL channel. Moreover, the fields or information indicated by the multiple bits should be clarified.
Proposal 7: On beam report transmission procedure for UE-initiated/event-driven beam reporting, for both Mode A and Mode B, the first PUCCH carries 1 bit information.
· The 1 bit information is an SR.
· An SR configuration dedicated to UE-initiated beam report is configured for the first PUCCH.
· The first PUCCH is configured commonly for all the UE-initiated/event-driven beam report configurations.
4.2 Second UL channel
Whether PUCCH or PUSCH can be the second UL channel is a common issue for Mode A and B, hence analyses on reporting CSI on PUCCH or PUSCH based on the legacy specification are shown in the following tables.
Table 1 UE reporting legacy CSI on PUCCH
	
	UCI(CSI) on PUCCH

	PUCCH format
	Only PUCCH-Resource of formats 2, 3 and 4 can be configured.

	UCI reporting procedure
	Step-1:
PUCCH-CSI-Resource is pre-configured per report configuration for P CSI and SP CSI on PUCCH.
Note: In legacy, it is not supported that CSI report can be carried in PUCCH indicated by DCI format 1_1/2.
Step-2: 
Payload size of the UCI is determined according to the report configuration;
Step-3: The actual NRB and/or Nsymbol used for UCI transmission in the PUCCH resource is determined according to Payload size;

	MU-MIMO/spatial multiplexing
	Not supported

	CSI dropping/omission
	Not needed if not multiplexed with other UCI

	CRC attachment
	Enabled if ‘Payload size’ > 11


Table 2 UE reporting legacy CSI on PUSCH
	
	UCI(CSI) on PUSCH

	Resource allocation
	PUSCH scheduled by DCI formats 0_1/2 for SP CSI on PUSCH or AP CSI. 

	UCI reporting procedure
	Step-1:
The uplink resource in FD (e.g., #. RB) / TD (e.g., # symbols) / SD (e.g., precoding) is determined according to the DCI format, regardless of payload size of CSI;
Step-2: 
If actual payload of CSI is less than the PUSCH capacity (i.e., the maximum payload size), the rest is reserved/used for UL data;
Else if actual payload of UCI is greater than the PUSCH capacity, omission rule is applied.

	MU-MIMO/spatial multiplexing
	Supported

	CSI dropping/omission
	Not needed if not multiplexed with other UCI or UL-SCH

	CRC attachment
	Enabled if ‘Payload size’ > 11


It can be concluded that due to network knows the payload size of a legacy CSI report no matter it is AP CSI, SP CSI or P CSI and no matter it is carried in PUCCH or PUSCH, there is no need to specify CSI dropping/omission issues if not considering multiplexing. In other words, the uplink resource configured or scheduled for the CSI report should be capable of carrying the total payload of corresponding CSI report before multiplexing procedure.   
According to the analyses above, considerations on the second UL channel for Mode A and Mode B are taken as follows.
· Mode A
· Dynamically indicating a PUCCH resource for UCI transmission is specific to HARQ-ACK information, since HARQ-ACK codebook is generated based on the receptions of PDSCHs within a number of slots (e.g., determined by K1 set) or based on DAI field indicated in the DL scheduling DCI format, and the payload size of a HARQ-ACK codebook on a PUCCH varies according to the DL scheduling DCI formats received before the PUCCH. Although the payload size of UEIBR can be variable as well, the variety does not depend on the downlink scheduling at all. Therefore, it is a complicated issue to transmit UEIBR on PUCCH indicated by a DCI format 1_X. 
· It is straightforward that the second UL channel is PUSCH, either for the reason that the first PUCCH can be considered as SR or that Mode A is similar as an AP-CSI reporting procedure. As mentioned before, the first PUCCH should be configured commonly for all the report configurations. After receiving the first PUCCH requesting a PUSCH resource, network cannot know the number of triggered beam reports and the corresponding report configuration IDs, hence the scheduled PUSCH might be not capable of carrying all the triggered beam reports. Then, CSI omission rule based on CSI priority value can be reused to handle the issue.
Proposal 8: Regarding the second UL channel for Mode A for UE-initiated/event-driven beam reporting, support that the second UL channel is PUSCH.
· FFS: Whether/how to reuse CSI omission rule to handle the case that the second UL channel is not capable of carrying all the beam reports.
· Mode B
· The configuration of the second UL channel
· It has been agreed that cross-CC beam reporting is supported for both modes, besides the rule that measurement RSs and the CSI report can be associated with different cells in legacy, it is worthy discussing that UEIBRs corresponding to report configurations on different cells are transmitted on the same second UL channel.
· As shown in Figure 3, triggering of UEIBR of different report configurations for a UE can be quite sparse in time domain, hence a UEIBR might be triggered only once in a time duration in which multiple transmission occasions of the second UL channel are available. But if taking report configurations on all the cells into account, the probability of at least one beam report is triggered before the second UL channel transmission occasion can be much higher. As shown in Figure 4, configuring a common uplink resource shared between different cells for the second UL channels to carry UEIBRs is beneficial for improving resource efficiency.
· Furthermore, note that if the second UL channel is configured per report configuration, NW might need to detect all the configured uplink resources due to the first PUCCH does not indicate which UEIBR is triggered.   



Figure 3 UEIBR transmissions on report configuration specific uplink resources


Figure 4 UEIBR transmissions on a common uplink resource
· Payload size of UCI on the second UL channel
· Although the payload size of a given UEIBR might be fixed if the number of reported RSs is fixed as analyzed in section 3, the payload size of UCI carrying UEIBR can still be variable. As depicted in Figure 5 with regards to Mode B, when three beam reports are triggered on different cells, the first PUCCH is transmitted to notify network that UCI containing UEIBR is transmitted on the pre-configured second UL channel. For the reason that payload size of each UEIBR can be different when their corresponding trigger events and the fixed number of reported RSs are different, and NW does not know the number of UEIBRs carried on the second UL channel, due to the payload size of UCI carrying UEIBR is variable.
· Therefore, analogous to the field indicating the number of reported RSs mentioned before, a field to indicate the payload size of UCI carrying UEIBR is needed. Otherwise, NW might need to configure a fixed payload size for UEIBR transmissions or to allow only UEIBRs can be transmitted on the second UL channel.
· Similar as Mode A, the pre-configured uplink resource for the second UL channel might not be capable of carrying all the UEIBRs triggered to be transmitted on the same uplink resource, omission rule is needed as well.  


Figure 5 Cross-CC UEIBR transmissions in Mode B
· PUCCH or PUSCH
· Note that the second UL channel in Mode A is depending on NW scheduling, uplink channel collisions between UEs can be prevented by NW. However, for Mode B, uplink resources configured for different UEs should not be overlapped in time or frequency domain for different UEs to prevent from the collision issue. Alternatively, spatial division multiplexing based uplink transmissions of UEs should be supported.    
· Option-1: Second UL channel is PUCCH
· In such option, PUCCH format 2/3/4 can be used, where the number of PRBs and symbols can be configured for a PUCCH resource. The number of RBs actually used for mapping the coded UCI bits of UEIBR are determined based on the UCI size after encoding and rate matching. 
· Spatial division multiplexing based transmission (e.g., MU-MIMO) is not supported for PUCCH, hence PUCCH resource for the second UL channel should be individually configured to UEs through time division or frequency division to avoid collision.
· Compared with Mode A, Mode B has a lower report latency via a quite small time interval between the first PUCCH and second UL channel. In such way, the uplink resource for the second UL channel should be dedicated to UEIBR, otherwise if the uplink resource is indicated to be used for other usages but UEIBR is triggered, the UEIBR needs to be transmitted in a next available occasion, which brings additional report latency.
· Accordingly, once the PUCCH resource is configured dedicatedly to UEIBR, the corresponding resource efficiency might be lower considering the sparse UEIBR transmission.
· Option-2: Second UL channel is PUSCH
· Different from PUCCH, a PUSCH resource can be mapped with data bits and/or UCI bits. For AP/SP CSI report on PUSCH and the PUSCH can be indicated to be without UL-SCH, only CSI bits are mapped on the PUSCH resources.
· If a PUSCH resource is configured for the second UL channel, the PUSCH resource can be used for data transmission when no UEIBR is triggered, which leads to a much higher resource efficiency than PUCCH resource.
· Meanwhile, due to enabling UL MU-MIMO of PUSCH transmissions, while considering that probability of UEIBR transmission is quite low, the pre-configured PUSCH resource(s) can be shared with multi-users with a reasonable collision ratio.
· In legacy, CG-PUSCH can be used by multiple UEs via different spatial domain transmission configurations, and UE can determine to transmit CG-PUSCH or not in a transmission occasion based on whether UL-SCH is to be transmitted on the CG-PUSCH or not. Hence, it can be smooth to reuse CG-PUSCH as the second UL channel for UEIBR, where UE can determine to transmit CG-PUSCH or not in a transmission occasion based on whether UL-SCH or UEIBR is to be transmitted on the CG-PUSCH or not.
· To take high-speed scenario as an example, based on SLS assumption for Rel-17 intra-cell mobility in dense urban scenario [4], assumed that UE speed is 120km/h and BS antenna configuration is (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), UE moves from Point P to Q as shown in Figure 6.  Then, it takes 3.12s moving the P-to-Q distance (i.e., 104m). If the reporting period is 20ms and the number of BS side beams in horizontal direction is 8, the reporting probability is about 5.1%.
· On top of the above analysis, the probability of reporting collision with other UEs in the case the number of UEs operated with MU-MIMO is 4 and 8 can be shown in Figure 7. It can be concluded that the number of UEs colliding with a UE is basically not greater than 2, and reception of PUSCH transmissions from single-layer CG-PUSCH(s) from three or less UEs can be well handled by current NW UL MU-MIMO receiver. However, for PUCCH transmission, due to lack of orthogonal DMRS ports as PUSCH, failure detection upon collision may occur (i.e., the number of UEs colliding with a UE is equal to or more than 1).


Figure 6 UE Mobility and trajectory in scenario of High speed in Dense urban
[image: Pcolli4] [image: Pcolli8]
				(a) 												(b)
Figure 7 Probability of Transmission Collision, (a) the number of UEs operated with MU-MIMO is 4, (b) the number of UEs operated with MU-MIMO is 8
Proposal 9: Regarding the second UL channel for Mode B for UE-initiated/event-driven beam reporting, support that the second UL channel is PUSCH.
· The uplink resource for the second UL channel is commonly configured for report configurations on all cells.
· FFS: Report format to support cross-CC beam reporting.
· CG-PUSCH can be configured for the second UL channel.
· FFS: Whether/how to reuse CSI omission rule to handle the case that the second UL channel is not capable of carrying all the beam reports. 
5 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to support UE-initiated beam management with the following proposals.
Proposal 1: For UE-initiated/event-driven beam reporting procedure, support to specify that UE-initiated beam report triggering is based on a counter with a timer as legacy BFR.
· Note: Up to UE implementation to use L1-filtered RSRP value or non-filtered RSRP value for trigger event evaluation.
Proposal 2: Regarding Event-2 for UE-initiated beam report, support that measurement reference signals for the new beams are explicitly configured by RRC as legacy CSI report configuration.
· Note: The configured reference signal resources are expected to associate with the configured TCI states.
Proposal 3: Regarding Event-2 for UE-initiated beam report, support that measurement reference signal for the current beam derived implicitly (i.e., Option-2a) has a same type of measurement reference signals for the new beams configured by RRC. 
Proposal 4: On UE-initiated/event-driven beam reporting, support to introduce one trigger event for update of activated TCI states additionally.
· Event-7c: 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 M-th best quality (M ≥ 1).
· FFS: How to determine the value of M.
Proposal 5: Regarding UL signaling content(s) of UEIBR triggered by Event-2, the following indications should be considered:
· DL RS ID (e.g., CRI or SSBRI) of the new beam(s);
· RRC configures to report L1-RSRP of the current beam or not;
· Differential L1-RSRP reporting
· Absolute L1-RSRP value is for the new beam with the highest L1-RSRP value;
· Differential L1-RSRP value is for the other new beams and the current beam if reported;
· Note: To leverage legacy CSI framework as much as possible, Table 6.3.1.1.2-6 provided in TS 38.212 can be used as the starting point for details of the UL signaling contents (e.g., the field and bitwidth).
Proposal 6: Regarding the number of reported beams in UL signaling content(s) of L1-RSRP report triggered by Event-2, support to further discuss the following two options:
· Option-1 (variable size): N beam(s) are reported in the report instance, where N ∈ {1, 2, ..., Nmax} and the N beam(s) should satisfy the condition of Event-2.
· An indication of the number of reported beams is introduced.
· Option-3 (fixed size): N ≥ 1 beam(s) are reported in the report instance, where N is configured by gNB.
Proposal 7: On beam report transmission procedure for UE-initiated/event-driven beam reporting, for both Mode A and Mode B, the first PUCCH carries 1 bit information.
· The 1 bit information is an SR.
· An SR configuration dedicated to UE-initiated beam report is configured for the first PUCCH.
· The first PUCCH is configured commonly for all the UE-initiated/event-driven beam report configurations.
Proposal 8: Regarding the second UL channel for Mode A for UE-initiated/event-driven beam reporting, support that the second UL channel is PUSCH.
· FFS: Whether/how to reuse CSI omission rule to handle the case that the second UL channel is not capable of carrying all the beam reports.
Proposal 9: Regarding the second UL channel for Mode B for UE-initiated/event-driven beam reporting, support that the second UL channel is PUSCH.
· The uplink resource for the second UL channel is commonly configured for report configurations on all cells.
· FFS: Report format to support cross-CC beam reporting.
· CG-PUSCH can be configured for the second UL channel.
· FFS: Whether/how to reuse CSI omission rule to handle the case that the second UL channel is not capable of carrying all the beam reports. 
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