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1 Introduction
During RAN#102 meeting, a new Rel-19 WID on NR MIMO phase 5 was approved as in [1]. Then, the following objective is identified for UE-initiated beam management.
	1. [bookmark: _Hlk145555364]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting


In this contribution, we discuss potential methods targeting for reducing overhead and latency of the UE-initiated beam report.
2 UE-initiated beam reporting procedure
According to the WID above, the enhancements of UE-initiated/event-driven beam management aims at the following two objectives:
· Beam report latency reduction facilitating fast beam switching;
· Beam report overhead reduction.
In RAN1#116 meeting, the following agreement on the framework of UE-initiated/event-driven beam report was endorsed, where at least trigger event, signaling contents and signaling container for beam reporting should be supported accordingly [2]. 
	Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required


Then, per pre-meeting offline, we have the following candidates for UE-initiated beam reporting procedures. Due to the fact that Option-4b (contention-based) is not reliable and objected by several companies, we just provide our analysis on Option-1 to Option-3 in terms of report latency and report overhead, as shown in Figure 1.
	Proposal 3.1: On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· 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.
· [bookmark: OLE_LINK26]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. 
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
Note: Whether UE receives acknowledge information with response to each step for all options. 


Regarding reporting latency, in our views, Option-3 has the lowest latency among the three options. Upon a trigger event is detected, transmitting UCI bits of the beam report on the pre-configured uplink resources (Option-3) has the less procedure steps, compared with transmitting UCI bits for the beam report on the PUSCH scheduled by DCI (Option-2) and transmitting beam report MAC CE (Option-1) when the uplink resource is unavailable. 
· [bookmark: _GoBack]To take a typical configuration of TDD systems as an example, when a single DL-UL pattern is configured, for either Option-1 or Option-2, UE-initiated beam report (UEIBR) only can be transmitted in uplink-slot(s) several  downlink-slots after the SR or beam report notification (BRN) transmission. 
· For instance, where the periodicity is 2.5ms and the frame structure is configured to be DDDSU, then UEIBR only can be transmitted in a next uplink slot at least 2ms after BRN.
· However, in Option-3, due to no need to receive a downlink signaling, UE can transmit the beam report immediately after the BRN transmission, by which the report latency is reduced significantly. For instance, the BRN (e.g., a PUCCH) and the beam report (e.g., a PUSCH) can be transmitted in the same slot, which means that the reporting latency can be limited to OFDM-symbol level. 


(a)							              (b)				 			       (c)
Figure 1 UE-initiated beam reporting procedure: (a) MAC-CE when no available UL resource; (b) UCI in a dynamically scheduled UL resource; (c) UCI in a pre-configured UL resource
Observation 1: In terms of report latency, due to saving one additional step and supporting first and second channel allocated in a same uplink slot (e.g., neighboring to each other in time), Option-3 (UCI in a pre-configured resource) significantly outperforms Option-1 (MAC-CE) and Option-2 (UCI in dynamically scheduled UL resource).
Regarding reporting overhead, Option-2 and Option-3 with PUSCH as for a second channel has the lower report overhead compared with Option-1, while considering multi-UEs co-existence from the NW perspective. Specifically, we have the following elaborations:
· Option 1: UE-initiated beam report is contained in MAC-CE
· The UL-SCH transport block for a MAC-CE can be transmitted on an available PUSCH resource which is not configured or scheduled for the MAC-CE specifically. Only when PUSCH resource is not available for the MAC-CE transmission, UE requests an uplink resource by triggering an SR. However, MAC-CE header is additional overhead over UCI.
· Option 2: UEIBR via UCI on dynamically scheduled UL resources
· In Option 2, upon an event triggered, after transmitting a BRN to request dedicated uplink resource for beam report transmission, UE detects DCI scheduling an uplink resource to carry the UEIBR. Except for the BRN transmission, Option 2 is similar as AP-CSI report triggering or SP-CSI report activation, and there is no redundant report.
· Option 3: UEIBR via UCI on pre-configured UL resources
· Case-1: Second channel is based on PUCCH
· In such case, we may have to use PUCCH format 2/3/4, where the number of PRBs and symbols can be configured for a PUCCH resource. The number of RBs used for mapping the coded UCI bits are determined based on the UCI size after encoding and rate matching. The pre-configured resource should be dedicated to a UE, and if gNB rescheduling for the corresponding resource is allowed, the latency will be increased again. 
· Case-2: Second channel is based on 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. Besides, in order to avoid further discussion on data and control multiplexing rules as specified in TS 38.212 clause 6.2.7, similarly, the pre-configured PUSCH resources without UL-SCH transport block is also preferred for UEIBR transmission.
· Due to enabling UL MU-MIMO, while considering that probability of UEIBR transmission is quite low, the pre-configured resource(s) can be shared with multi-users with a reasonable collision ratio.
· To take high-speed scenario as an example, based on SLS assumption for Rel-17 intra-cell mobility in dense urban scenario [3], 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 2.  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 3. 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 2 UE Mobility and trajectory in scenario of High speed in Dense urban
[image: Pcolli4] [image: Pcolli8]
				(a) 												(b)
Figure 3 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
Observation 2: In terms of report overhead, Option-2 (UCI in dynamically scheduled UL resource) and Option-3 with a PUSCH as for second channel (via spatial multiplexing in UL MU-MIMO) outperform Option-1 (MAC-CE), while considering multi-UEs co-existence from the perspective of NW scheduling.
Then, for Option-3, we still have another open issue on the number of bits carrying in the first channel.  
· Alt-1: Notification of BRN is analogous to an SR.
· Since only 1 bit (e.g., positive or negative indication) can be transmitted by an SR, the notification of BRN should be 1 bit as well in such case.
· However, different from Option 1 and Option 2, BRN in Option 3 does not request uplink resources in actual, and operations on triggering, pending and canceling of legacy SR might could not be directly reused. 
· Hence, the notification can be SR-like, e.g., 1 bit information on PUCCH, but details on transmitting and canceling a BRN should be further discussed.
· Alt-2: Notification of BRN is regarded as a CSI.
· According to the current specification, only PUCCH format 2/3/4 can be configured to carry CSI reports. If not to break the legacy rule, notification of BRN should be larger than 2 bits. A generic notification of beam reporting cannot work anymore, and the other indications to indicate the size of the beam report should be included. For instance, report configuration identification, cell identification or reported beam number indication might be indicated.  
Considering spec impact and the flexibility of report format of second channel, 1-bit UCI (SR-like) is preferred to be carried in the first channel.
Based on the analysis above, the pros and cons between the three options are concluded in Table 1, and we have the following proposal.
Table 1	Comparison in terms of container for UE-initiated beam reporting
	Alternative
	Option 1
	Option 2
	Option 3

	Description
	SR + MAC CE
	BRN + DCI triggered UCI
	BRN + pre-configured UCI

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

	First Channel
	SR
	BRN (SR-like)
	BRN (SR-like)

	Second Channel
	Dynamically scheduled or pre-configured PUSCH
	Dynamically scheduled PUSCH
	Pre-configured PUSCH

	Pros
	· Minor specification impact (i.e., mainly on signaling contents)
	· No need for dedicated UL resource
	· Low report latency 

	Cons
	· Relatively large report latency if PUSCH resource is dynamically scheduled
· Need for dedicated UL resource if PUSCH resource is pre-configured
	· Relatively large report latency
	· Need for dedicated UL resource


Proposal 1: On UE-initiated/event-driven beam report, at least support Option 3 (UCI in pre-configured resource(s) for second UL channel).
· 1-bit notification in Step1 is supported to notify gNB of the transmission of a second channel 
· FFS: Whether the 1-bit notification is an SR or a new type of UCI in a first PUCCH.
· In order to reduce report overhead via UL MU-MIMO considering low probability of the UE-initiated/event-driven beam report transmission, PUSCH resource(s) without UL-SCH can be configured for beam report transmission (i.e., for a second channel). 
3 Trigger events 
In RAN1#116 meeting, the following agreements related to trigger event definition and reference signal configuration were endorsed.
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.
· Further study trigger events, including the following example as a starting point
· 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.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event
Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.


Compared with legacy beam reporting based on periodical CSI report, UE-initiated beam reporting can reduce the report overhead obviously by transmitting on-demand beam report, e.g., just report if the beam quality changing occurs, rather than transmitting beam reports on all candidate report occasions. Hence, the definition of trigger event(s) is essential for UE-initiated beam reporting to reduce the beam report overhead without missing any crucial report(s).
The number of trigger events to be supported
Definition of trigger events directly determines the signaling contents for a UE-initiated beam report. For instance, for Event-2, RS ID and RSRP value associated with new beams and the current beam might be contained in the beam report, but for Event-3, only RS ID and RSRP value associated with new beams should be reported.
Considering the intention of UE-initiated beam report is to assist beam management at NW side, e.g., to inform NW a new beam other than the current applied one, hence we prefer to at least support Event-2 and further discuss the RS configuration, threshold and other issues for Event-2.
Proposal 2: For trigger-event detection for UE-initiated/event driven beam report, support to at least specify “Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.”
· FFS: Whether to support other trigger events. 
Reference signals for trigger event evaluation
There seems to be a common understanding that DL RS associated with the currently indicated TCI state refers to the current beam. Then, for new beam configuration, as in legacy, either for measurement report in L3 or for CSI report, reference signals for measurement are explicitly configured. Hence, we prefer that reference signals corresponding to the new beams for UEIBR should be explicitly configured in the same way.
However, we tend to agree that whether restrictions or rules on the RS configuration might depend on the scenarios for UEIBR.
· If the new beams are reported to assist NW to update the current beam, the configured RSs should be associated with the activated but not indicated TCI states.
· If the new beams are reported to assist NW to update the activated TCI states, the configured RSs should be associated with the configured but not activated TCI states. 
However, from the perspective of configuration, introducing restrictions above per scenario might be unnecessary, and it is sufficient that the configured RSs are restricted to associate with the configured TCI states.
Proposal 3: Regarding Event-2 for UE-initiated beam report, support that the current beam is implicitly derived from the indicated TCI state and the new beams are explicitly configured by the reference signal resource set in the beam report configuration.
· Note: The configured reference signal resources are expected to associate with the configured TCI states.
Beam report triggering by trigger event evaluation
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 dutration, 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 4: 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.
Configuration of threshold values 
The candidate values configured to the threshold value of a trigger event might be decided by RAN2, but RAN1 should consider whether different threshold values of a given trigger event can be configured to different beam report configurations.
· Although the number of beam report configurations on a carrier has not been discussed yet, it should be a common understanding that UE-initiated beam reporting can be configured on multiple carriers. Considering a UE configured with CA operation can work on carrier components of which the central frequency diverse significantly, relevance between the beam quality changing trend of different carriers might exist, but the absolute change value can be diverse. Hence, different threshold values configured for respective beam report configurations should be supported, especially for the case that reference signals for beam report configurations are on different carriers.
Proposal 5: Support to configure a threshold value of trigger event specific to UE-initiated beam report configuration.
· Note: the candidate threshold values are up to RAN2.
4 Contents for UE-initiated Beam Reporting
In RAN1#116 meeting, the following agreement on signaling contents of a UE-initiated beam report was reached.
	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


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 excerpt 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>


As aforementioned, we prefer to support Event-2 firstly to make progress on the discussion. Therefore, the signaling contents of UEIBR once Event-2 is detected are analyzed as follows.
· 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. 
· 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. 
· For new beams, differential L1-RSRP value can be indicated and it can be calculated by L1-RSRP value of the new beam minus that of the current beam.
· Status of the current beam
· As for the current beam, since the differential L1-RSRP reporting is sufficient to provide network one or more beams better than the current one, the absolute L1-RSRP value might be unnecessary, hence one bit field indicating the status of the current beam can be reported. 
· The number of new beams to be reported
· Firstly, the number of reported beams for Event-2 should could be configured to be larger than 1 if legacy CSI framework is leveraged. 
· Secondly, it should be clarified that whether all the reported new beams correspond to the ‘at least one new beam better than the current beam’ or not. If yes, the number of reported new beams can be variable when the maximum number of reported beams is larger than 1. Otherwise, some beams which are not better than the current beam can be reported as well, which are redundant from the perspective of motivation for UEIBR.
Proposal 6: Upon the supported trigger-event (i.e., Event-2), support that UL signaling content(s) of UEIBR should at least include the following:
· DL RS ID (e.g., CRI or SSBRI) of the new beam(s)
· Differential L1-RSRP value of the new beam(s)
· Differential L1-RSRP value is calculated by L1-RSRP of the new beam minus that of the current beam;
· FFS: Whether status (1-bit) or quantity (7-bit) of the current beam is reported;
· The maximum number of reported new beams can be configured, and then the exact number of reported new beams is indicated in the beam report.
· FFS: Whether quality of all or at least one of the reported new beam(s) is better than that of the current beam.
· 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).
5 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to support UE-initiated beam management with the following observations and proposals.
Observation 1: In terms of report latency, due to saving one additional step and supporting first and second channel allocated in a same uplink slot (e.g., neighboring to each other in time), Option-3 (UCI in a pre-configured resource) significantly outperforms Option-1 (MAC-CE) and Option-2 (UCI in dynamically scheduled UL resource).
Observation 2: In terms of report overhead, Option-2 (UCI in dynamically scheduled UL resource) and Option-3 with a PUSCH as for second channel (via spatial multiplexing in UL MU-MIMO) outperform Option-1 (MAC-CE), while considering multi-UEs co-existence from the NW perspective.

Proposal 1: On UE-initiated/event-driven beam report, at least support Option 3 (UCI in pre-configured resource(s) for second UL channel).
· 1-bit notification in Step1 is supported to notify gNB of the transmission of a second channel 
· FFS: Whether the 1-bit notification is an SR or a new type of UCI in a first PUCCH.
· In order to reduce report overhead via UL MU-MIMO considering low probability of the UE-initiated/event-driven beam report transmission, PUSCH resource(s) without UL-SCH can be configured for beam report transmission (i.e., for second channel). 
Proposal 2: For trigger-event detection for UE-initiated/event driven beam report, support to at least specify “Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.”
· FFS: Whether to support other trigger events. 
Proposal 3: Regarding Event-2 for UE-initiated beam report, support that the current beam is implicitly derived from the indicated TCI state and the new beams are explicitly configured by the reference signal resource set in the beam report configuration.
· Note: The configured reference signal resources are expected to associate with the configured TCI states.
Proposal 4: 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 5: Support to configure a threshold value of trigger event specific to UE-initiated beam report configuration.
· Note: the candidate threshold values are up to RAN2.
Proposal 6: Upon the supported trigger-event (i.e., Event-2), support that UL signaling content(s) of UEIBR should at least include the following:
· DL RS ID (e.g., CRI or SSBRI) of the new beam(s)
· Differential L1-RSRP value of the new beam(s)
· Differential L1-RSRP value is calculated by L1-RSRP of the new beam minus that of the current beam;
· FFS: Whether status (1-bit) or quantity (7-bit) of the current beam is reported;
· The maximum number of reported new beams can be configured, and then the exact number of reported new beams is indicated in the beam report.
· FFS: Whether quality of all or at least one of the reported new beam(s) is better than that of the current beam.
· 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).
6 References
[1] RP-234007, New WID: NR MIMO Phase 5, Moderator (Samsung)
[2] Chair Notes RAN1#116 eom0, Feb 26nd - Mar 1st, 2024, 3GPP RAN1
[3] R1-2007151, R17 FeMIMO summary Item 1 EVM, Moderator (Samsung)
image3.png
Probability of Reporting Collision with other UEs
99.987% 100.000%
99.246%
100.000%

98.000%
96.000%
94.000%
92.000%
90.000%
88.000%
86.000%
84.000%
82.000%
80.000%

85.467%

0 1 2 3

The maximum number of UEs colliding with a UE




image4.png
Probability of Reporting Collision with other UEs
99.603% 99.979% 99.999% 100.000%  100.000%  100.000%

100.000%
95.398%
95.000%
90.000%
85.000%
80.000%
75.000%
69.321%
70.000%
65.000%
1 2 3 4 5 6 7

0

The maximum number of UEs colliding with a UE




oleObject2.bin

image5.wmf
(

)

é

ù

RS

CSI

2

log

-

s

K


oleObject3.bin

image6.wmf
(

)

é

ù

SSB

2

log

s

K


oleObject4.bin

image7.wmf
RS

CSI

-

s

K


oleObject5.bin

image8.wmf
SSB

s

K


Microsoft_Visio_2003-2010___1.vsd
STEP-2: Trigger event occurs


STEP-1: Configuration of trigger events


STEP-3: SR


STEP-4: Uplink grant


STEP-5: UEIBR via MAC CE


STEP-2: Trigger event occurs


STEP-2: Trigger event occurs


STEP-1: Configuration of trigger events


STEP-3: Beam report notification (BRN)


STEP-4: Uplink grant


STEP-5: UEIBR via UCI on PUSCH


STEP-1: Configuration of trigger events


STEP-3: Beam report notification (BRN)


STEP-4: UEIBR via UCI on 
pre-configured uplink resources



image1.emf
STEP-2: Trigger event occurs

STEP-1: Configuration of trigger events

STEP-3: SR

STEP-4: Uplink grant

STEP-5: UEIBR via MAC CE

STEP-2: Trigger event occurs

STEP-1: Configuration of trigger events

STEP-3: Beam report notification (BRN)

STEP-4: Uplink grant

STEP-5: UEIBR via UCI on PUSCH

STEP-2: Trigger event occurs

STEP-1: Configuration of trigger events

STEP-3: Beam report notification (BRN)

STEP-4: UEIBR via UCI on 

pre-configured uplink resources


d = 30m
P
Q
d
d



image2.emf
d = 30m

P

Q

d

d


