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Introduction
In prior meetings, the following agreements have been made related to handling of multiple beam pair links (BPLs) and beam-related indication:
Agreement 1:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· …
Agreement 2:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreement 3:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· Partial QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports
· FFS: information other than QCL
Agreement 4:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· …

Agreement 5:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

[bookmark: _Ref178064866]Discussion
As discussed in a previous contribution [1], beam management can consist of a baseline procedure in which a single beam-pair link (BPL) is established, e.g., for short packet data sessions. For longer data sessions, an extended procedure may be invoked in which multiple BPLs are established. This can be beneficial, for example, to achieve PDCCH robustness whereby the gNB can transmit PDCCH on multiple BPLs simultaneously or in TDM fashion (see Agreement #1 above). Another example is the use of multiple BPLs for achieving high rank PDSCH transmission in multi-panel/multi-TRP deployments. In scenarios where multiple BPLs are established, some form of beam-related indication is needed to provide assistance to the UE in setting its Rx spatial filtering configuration(s) (beamforming weights) to receive PDSCH/PDCCH [2]. This is particularly important in the context of analog beamforming, for example, where the UE must apply the beamforming weights before it can receive the data and/or control signals. The beamforming weights are typically determined in one or more prior beam management measurement procedures based on CSI-RS.
Measurement Indicator (MI) definition
While there have been several agreements made that include the term BPL, the term itself has not been formally defined. In a prior meeting, a proposal was made in a WF as follows [2]:
A BPL is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration
Despite multiple agreements containing the BPL term, there seems to be some resistance in RAN1 to the use of this wording. In our view the term itself is still useful for discussion purposes, even if it does not appear explicitly in specifications. To potentially alleviate some of the concerns, here we propose a more general term that we believe captures the key aspects that are needed for beam-related indication.
[bookmark: _GoBack]We observe that the key aspects are that the UE performs measurements on a set of DL reference signal resources and provides a measurement report indicating one or more preferred resources. Some form of indicator is then needed to refer back to the measurement and/or report when beam indication is used to assist UE-side beamforming for reception of PDSCH/PDCCH as well as to update/refine a particular BPL. Based on this observation we propose the following definition of a Measurement Indicator (MI):
[bookmark: _Ref485052465][bookmark: _Toc485063405][bookmark: _Toc485064160][bookmark: _Toc485404895]For beam management, a measurement indicator (MI) is supported in NR to enable reference to the following two items together: (1) UE or gNB measurement(s) (e.g., RSRP, CSI) on one or more reference signal resources (e.g., CSI-RS, SS, SRS) transmitted/received in one or more prior slots according to one or more spatial filtering configurations; and (2) an associated measurement report containing one or more indictors to the preferred reference signal resource(s), e.g., CRI, SRI, implicit indicator of an SS block. FFS: detailed format of MI.
Maintenance of Multiple BPLs
During a given DL beam management procedure based on CSI-RS, a UE performs measurements on a set of beamformed CSI-RS resources, where the beamforming may be configured, for example, to sweep across a portion of the TRP coverage area. For a P2 procedure, the UE reports an index or identifier (CRI) corresponding to one or more preferred CSI-RS resources, as well as the corresponding measurement(s), e.g., RSRP or CSI parameters CQI, RI, PMI. The reported CRI(s) indicate the preferred gNB Tx beam(s) as seen from the UE perspective. For a P3 or joint P2/P3 procedure, the UE may also adapt its Rx spatial filtering configuration (beamforming weights) to find a preferred UE Rx beam corresponding to each one of the preferred gNB Tx beam(s).
Configuration of measurement and reporting for beam management is handled in the agreed CSI/beam management framework. For discussion purposes, Figure 1 shows an example setup for the configuration framework consisting of 3 different report settings corresponding to P2 and P3 procedures based on reporting of either RSRP or CSI. At any given time, the measurements are performed using one of 3 different resource sets defined within the resource setting. The various settings and sets are configured using RRC. Then, as agreed in the framework, report settings and resource sets are dynamically selected. For example, Figure 1 shows Report Setting 1 being dynamically selected corresponding to an aperiodic P2 beam sweep in which the UE reports RSRP and one or more CRIs. In tandem, Resource Set 1 within Resource Setting 1 is dynamically selected and contains 8 CSI-RS resources for the P2 beam sweep.
[image: ]
[bookmark: _Ref484789774]Figure 1: Example configuration framework for beam management
The above framework may be used to establish and maintain multiple BPLs by triggering measurements and reports associated with each BPL separately, and appropriately keeping track of the preferred spatial filtering configurations associated with each BPL. For keeping track, the notion of measurement indicator (MI) is useful, where different values of the MI are associated with different BPLs. As we discuss below, each time a measurement is triggered on a set of CSI-RS resources for a particular BPL, MI is included in the triggering message. Since the number of maintained BPLs is likely to be fairly small, MI can be defined with low overhead, e.g., 2 bits, allowing for maintenance of up to 4 BPLs. Due to the low overhead, it is practical to include MI in DCI which can be the same DCI used for triggering at least aperiodic CSI measurement and reporting. Using MI for periodic CSI measurement and reporting is FFS.
When maintaining multiple BPLs, each time a measurement and report is triggered by the gNB, the gNB should associate a certain MI with the Tx spatial filtering configuration (Tx beam) corresponding to the CRI of the preferred CSI-RS resource reported by the UE. In addition, the UE should associate a certain MI with the Rx spatial filtering configuration (Rx beam) associated with the preferred CSI-RS resource. In this way, in the future, if the same MI is indicated to the UE, it can retrieve the Rx spatial filtering configuration that it used to receive the previously transmitted CSI-RS resource from its memory. This indication can assist with UE-side beamforming to effectively receive another DL signal, i.e., PDSCH, PDCCH, or another set of CSI-RSs. Note that no static (or absolute) beam indices are required; MI functions as a dynamic (or relative) reference to Tx and Rx beams.
In the case of a P2 beam sweep with MI = b, the gNB triggers measurement on a set of CSI-RS resources that are each beamformed differently. In this case, the UE can look-up from memory what Rx spatial filtering configuration (Rx beam) is currently associated with MI = b, and it may use the Rx beam retrieved from memory to receive the new set of CSI-RS resources. Essentially, the UE can assume that the new CSI-RS resources are spatially QCL with the preferred CSI-RS resource from the previous measurement and report corresponding to MI = b. As mentioned previously, to support up to 4 BPLs (), only 2 bits are needed in the DCI message. This uniquely identifies the preferred CSI-RS resource transmitted the last time an update of the BPL associated with MI = b was updated. Note that the UE does not need to include MI = b in its report. The network is already aware of that since it include MI in the measurement trigger.
Before the gNB schedules the P2 beam sweep, it can also look up from memory what Tx spatial filtering configuration (Tx beam) was associated with the UE reported CRI the last time the BPL associated with MI = b was updated. This can be useful, for example, to ensure that the current “best” Tx beam is included in the P2 beam sweep to be used as a comparison in case new, better beams are found.
In the case of a P3 beam sweep with MI = b, the gNB triggers a measurement on a set of one or more CSI-RS resources for which the gNB holds its Tx spatial filtering configuration (Tx beam) fixed. The Tx beam is the one already associated with MI = b. In this case, the UE needs to be informed in some manner that the gNB holds its Tx beam constant, thus allowing the UE to vary its Rx beam. Essentially, the UE cannot assume that the new CSI-RS resource(s) are spatially QCL with the preferred CSI-RS resource from the previous measurement and report corresponding to MI = b. This could be done, for example, through a separate [1 bit] flag to inform the UE whether or not this is a P3 beam sweep. For example, this flag can be configured through higher layers, e.g., within the report or resource setting corresponding to the P3 beam sweep (see Figure 1). Either way, the UE should not assume that the new CSI-RS resources are spatially QCL with the preferred CSI-RS resource from the previous measurement and report corresponding to MI = b. If a new preferred Rx beam is found, the UE should update the Rx spatial filtering configuration associated with MI = b.  Since the Tx beam remains fixed, there is no need for the gNB to associate an updated Tx spatial filtering configuration with MI = b, nor is there a need for the UE to report CRI. However, it is still beneficial for the UE to report the other CSI components (CQI, PMI, RI) to support link adaptation. 
[bookmark: _Toc485063406][bookmark: _Toc485064161][bookmark: _Toc485404896]NR supports dynamic indication of a measurement indicator (MI) in DCI when triggering measurement and reporting on a set of CSI-RS resources used for beam management purposes. The MI can be in the form of a message field with length [2] bits.
This proposal enables beam management procedures to establish and maintain multiple BPLs between the gNB and a UE. In line with Agreements #2 and 3, signalling of the measurement indicator (MI) serves as a low overhead, beam-related indication approach to aid reception of CSI-RS. Implicitly it indicates QCL relationships between a set of current CSI-RSs and previously reported preferred CSI-RSs associated with each BPL. 
QCL of CSI-RS and SS Blocks
In the previous section, it was described how MI could be used to indicate whether or not a set of CSI-RS resources used for a measurement can be assumed by the UE to be spatially QCL to a preferred CSI-RS resource from the most recent measurement triggered with the same MI value. QCL between CSI-RS resources was agreed some time ago in RAN1. However, in the last meeting, it was agreed to additionally support spatial QCL between CSI-RS and an SS block (see Agreement 5 above), with an FFS item on whether the QCL indication is explicit, implicit, configurable, or set by default.
As mentioned in [4], an example use of this QCL assumption is when multiple beamformed SS blocks are transmitted, e.g., in a beam sweeping manner in a mm-wave deployment. In this case, SS can be used to establish an initial coarse BPL between the gNB and UE, for example, during the RACH procedure. If the UE is configured to assume reciprocal spatial QCL (see [4]) between PRACH and SS, it means that the UE should transmit its PRACH preamble in the direction from which it received the preferred SS block. The association between the PRACH resource and SSB is known to the UE from reading broadcast system information. In this way, when the gNB detects the PRACH preamble, it knows which SSB was the preferred one detected by the UE. Hence, the gNB can use the Tx beam associated with this SSB for a coarse initial beam direction. This may be interpreted as an instance of the P1 procedure.
During the RRC connection setup procedure, the framework in Figure 1 (for example) will be RRC configured. As part of the RRC configuration, the UE may additionally be configured such that it can assume spatial QCL between SS and CSI-RS by default. This means that until the UE receives an MI as part of a CSI-RS measurement trigger, this default assumption can be used by the UE to assist with UE-side beamforming for the reception of CSI-RS, e.g., in a P2 beam sweep.
The gNB, for example, could configure the P2 beam sweep to lie within the angular coverage area of the Tx beam associated with the preferred SSB implicitly indicated by the UE during the RACH procedure. Later, if the gNB includes an MI as part of another CSI-RS measurement trigger, e.g., a P3 beam sweep, the UE can then associate its preferred Rx beam with this MI value. Then, when future CSI-RS measurement triggers are received by the UE containing the MI, the UE uses this to determine whether or not the set of CSI-RS resources used for measurement can be assumed to be spatially QCL to the preferred CSI-RS resource from the most recent measurement triggered with the same MI value.
In this way, the SS to CSI-RS spatial QCL assumption is the default one to be used by the UE until it receives an MI at which point the UE begins using a CSI-RS to CSI-RS spatial QCL assumption instead. So in this sense, the SS to CSI-RS QCL indication is implicit, unlike the CSI-RS to CSI-RS QCL indication which can be explicit in the case of the maintenance of multiple BPLs. What has just been described is one use case for the SS to CSI-RS spatial QCL assumption, there are others as well, e.g., when SS blocks are used for beam management, not just during RACH, but also on an ongoing basis for identifying new beams directions (see [5]). It is FFS whether implicit or explicit indication is needed for that use case.
Beam Indication for PDSCH
In a multi-BPL scenario, some form of beam-related indication is required to provide assistance to the UE in setting its Rx spatial filtering configuration to receive PDSCH. As stated in Agreement #4 above, the assistance to the UE is in the form of a spatial QCL assumption between PDSCH DMRS antenna port(s) and DL RS antenna port(s). For beam management based on CSI-RS, the DL RS in question is naturally CSI-RS, specifically a preferred CSI-RS resource that was measured and reported previously for a particular BPL.
Providing this assistance to the UE can be handled in a very simple and natural way by including the MI value in the scheduling DCI. To illustrate such operation, Figure 2 expands on Figure 1, where an example sequence of measurements is shown based on dynamically selecting different measurement reports from the framework. P2 and P3 beam sweeps corresponding to a 1st BPL indicated by MI = 1 are performed sequentially (green), followed by sequential P2 and P3 beam sweeps corresponding to a 2nd BPL indicated by MI = 2 (red). DL data is then scheduled for the UE with beam-related indication after the sequence of measurements is performed. In this example, scheduling DCI includes a field indicating MI = 1. After receiving this MI, the UE may assume that the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource(s) in the most recent measurement, where the trigger included MI = 1. This means that the UE is able to receive the PDSCH using the same Rx spatial filtering configuration(s) as it used to receive the preferred CSI-RS resource in the most recent measurement corresponding to MI = 1. In this sense, the MI may be viewed as a QCL proxy.
It is important to realize that while the beam related indication essentially indicates the spatial QCL assumption that the UE can make between the PDSCH DMRS and a previous CSI-RS, the QCL assumption may not take effect immediately. There may need to be an “activation delay” of one or more slots before the UE may apply the assumption. The reason is that the UE needs time to decode PDCCH which contains the beam indication. While control channel decoding is ongoing, the UE is buffering PDSCH samples using whatever previous QCL assumption was in place to assist with UE side beamforming. This is an inherent issue with analog beam forming in which the beamforming weights must be applied before a signal is received.
[bookmark: _Toc484930062][bookmark: _Toc484933172][bookmark: _Toc485063407][bookmark: _Toc485064162][bookmark: _Toc485404897]NR supports beam-related indication for PDSCH transmission by including a measurement indicator (MI) in the scheduling DCI. The MI can be in the form of a message field with length [2] bits.
[bookmark: _Toc484930063][bookmark: _Toc484933173][bookmark: _Toc485063408][bookmark: _Toc485064163][bookmark: _Toc485404898]If the scheduling DCI contains a measurement indicator (MI), the UE may assume that the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most recent measurement associated with the measurement indicator.
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[bookmark: _Ref484899226]Figure 2: Example of beam management measurements and reports for two different resource settings with beam indication consisting of Index i corresponding to Resource Setting 1.
Beam Indication for PDCCH
Agreement #5 above states that configuration of QCL for UE specific PDCCH is by RRC and MAC-CE signalling, and that MAC-CE is not always needed. Furthermore, it is FFS whether or not DCI signalling is needed. Here we  describe two different approaches, one based on RRC alone, and another based on RRC + DCI which is FFS in Agreement 5 above. RRC + DCI is discussed in more detail in [6] where it is compared with the RRC + MAC-CE solution..
RRC Only Solution
As discussed in the previous section for PDSCH, each time the UE performs measurements associated with a certain MI value, it  reports the preferred CRI(s) and updates the preferred UE spatial Rx filtering configuration(s) (e.g., analog Rx beam(s)) corresponding to the signalled MI value. In this way, the UE is prepared to select a receiver configuration for receiving PDSCH at a later point in time when beam-related indication based on the MI is signalled.
In the case of PDCCH, a similar reporting/update procedure may be used, except that dynamic beam-related indication (e.g., by DCI or MAC-CE) may not always be needed. With analog beamforming, the UE must apply its Rx beamforming weights in advance of receiving a signal. In the case of receiving a control signal, the UE cannot rely on the control signal itself for assistance in beamforming, at least in the same slot. For scenarios in which dynamic beam indication for PDCCH is desired, this constraint may be relaxed, for example, by introducing an “activation delay” as discussed in relation to beam indication for PDSCH above. This is discussed in the next sub-section.For the RRC-only solution, PDCCH can be associated with at least one value of the measurement indicator, i.e., to at least one BPL, for the purposes of PDCCH monitoring. The MI value that the UE shall assume for receiving PDCCH is configured by higher layers (RRC). Alternatively, it could be written into the specifications that in the case of PDCCH monitoring of only a single BPL, that MI = 1 is always assumed. In this way, when the UE receives the PDCCH scheduling the PDSCH shown in Figure 2, it can assume that the PDCCH DMRS is spatially QCL with the preferred CSI-RS resource in the most recent report corresponding to MI = 1.
Note that PDCCH need not be associated with a single MI value. According to Agreement #1 above, M BPLs can be configured for PDCCH monitoring, either simultaneously or in a TDM fashion. In this case, the UE can be configured with M different MI values. Moreover, the MI values to which PDCCH is associated may be the same or different than the ones dynamically indicated for PDSCH reception. Different BPLs for PDCCH may be maintained, for example, if wider beam widths are used for PDCCH requiring fewer resources in a beam sweep. Alternatively, the beam sweeps for PDCCH may be performed within a different time domain granularity compared to PDSCH, thus motivating the use of different BPLs.
RRC + DCI Solution
As mentioned above, dynamic beam indication for PDCCH is feasible as well, as long as an “activation delay” is built in to avoid a chicken-and-egg problem of indicating a beam switch in the same signal for which the beam switch is intended to be applied. A DCI based solution can be based on including the measurement indicator (MI) in the scheduling DCI carried by PDCCH. In the same way as described previously, the MI indicates the QCL assumption that the UE can make between the PDCCH DMRS and a previous CSI-RS. However, the activation delay of one or more slots is needed before the UE can apply the QCL assumption. For example, the UE could start a timer, and when the timer expires, the UE applies the QCL assumption. Before the timer expires, the UE uses whatever previous QCL assumption was in place for PDCCH DMRS in order to assist with UE-side beamforming.
As discussed further in [6], robustness may be built into this procedure in a straightforward way to mitigate error cases such as missed DCI, e.g., by using an ACK/NACK for PDSCH as an implicit ACK for the DCI reception. An important point is that the PDSCH beam indication is handled separately from the PDCCH beam indication since in general, PDSCH and PDCCH may use different BPLs, that may be updated at different rates.
[bookmark: _Toc484933174][bookmark: _Toc485063409][bookmark: _Toc485064164][bookmark: _Toc484930064][bookmark: _Toc485404899]Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved by associating UE-specific PDCCH with one or more measurement indicators (MI) either by RRC configuration alone or by dynamic indication of MI in DCI.
[bookmark: _Toc484933175][bookmark: _Toc485063410][bookmark: _Toc485064165][bookmark: _Toc485404900]For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL with the preferred CSI-RS resource(s) from the most recent measurement report(s) associated with the configured measurement indicator(s).
Beam Indication for Beam Group Reporting
While much of the description in this contribution has focused on measurement and reporting on different beam pair links (BPLs) separately, the basic approach could also be extended to support beam group reporting in which measurements are performed on one or more sets of CSI-RS resources and multiple CRIs are included in a CSI reports. The multiple CRIs are grouped according to what gNB Tx beam(s) may be received simultaneously by the UE in a hypothetical high rank transmission. Since the proposed measurement indicator is general in the sense that it refers to a measurement on resources and reporting of preferred resources, it can equally well represent a group of Tx beam(s). However, some details still need further study. For example, if the more groups are reported than actually used by the gNB, additional signalling on top of MI may be required. Since the gains of such reporting, especially considering additional overhead are not clear, we propose the following as a first step.
[bookmark: _Toc485064166][bookmark: _Toc485404901]For beam management, NR supports dynamic signalling of a measurement indicator (MI) for the purposes of beam-related indication at least for the case where beam group reporting is not configured. FFS: beam-related indication for beam group reporting.
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	For beam management, a measurement indicator (MI) is supported in NR to enable reference to the following two items together: (1) UE or gNB measurement(s) (e.g., RSRP, CSI) on one or more reference signal resources (e.g., CSI-RS, SS, SRS) transmitted/received in one or more prior slots according to one or more spatial filtering configurations; and (2) an associated measurement report containing one or more indictors to the preferred reference signal resource(s), e.g., CRI, SRI, implicit indicator of an SS block. FFS: detailed format of MI.
Proposal 2	NR supports dynamic indication of a measurement indicator (MI) in DCI when triggering measurement and reporting on a set of CSI-RS resources used for beam management purposes. The MI can be in the form of a message field with length [2] bits.
Proposal 3	NR supports beam-related indication for PDSCH transmission by including a measurement indicator (MI) in the scheduling DCI. The MI can be in the form of a message field with length [2] bits.
Proposal 4	If the scheduling DCI contains a measurement indicator (MI), the UE may assume that the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most recent measurement associated with the measurement indicator.
Proposal 5	Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved by associating UE-specific PDCCH with one or more measurement indicators (MI) either by RRC configuration alone or by dynamic indication of MI in DCI.
Proposal 6	For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL with the preferred CSI-RS resource(s) from the most recent measurement report(s) associated with the configured measurement indicator(s).
Proposal 7	For beam management, NR supports dynamic signalling of a measurement indicator (MI) for the purposes of beam-related indication at least for the case where beam group reporting is not configured. FFS: beam-related indication for beam group reporting.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref484923449][bookmark: _Ref481685688]R1-1702674, “ DL beam management overview,” Ericsson, RAN1#88, February 2017.
[bookmark: _Ref484924198]R1-1702676, “On DL beam indication,” Ericsson, RAN1#88, February 2017.
R1-1706641, “WF on BPL definition,” Nokia, RAN1#88b, April 2017.
[bookmark: _Ref485332593]R1-1711051, “The QCL framework for NR,” Ericsson, RAN1#89ah-NR, June 2017.
[bookmark: _Ref485334936]R1-1711019, “On the use of SS for beam management,” Ericsson, RAN1#89ah-NR, June 2017.
[bookmark: _Ref485335882]R1-1711023, “Analysis of beam indication signalling options," Ericsson, RAN1#89ah-NR, June 2017.


	1/8	
image1.png
P2, RSRP

P2, CSI

P3, CSI

“repot seting®

of® T g
gelectio” of 0(\‘16690“ seind
eg-

Dynamic Selection

Selection of a “Resource S_et“
e.g., Set 1in Resource Setting 1

Resource Sets
~S£t 1: P2 sweep, 8 resources
Set 2: P2 sweep, 4 resources

Report Setting 1 ~
Aperiodic, RSRP, CR)"’

. ! Resource Setting 1

Aperiodic

t 3: P3 sweep, 1 resource

| 2

B

Report Setting2
Aperiodic, CQI/PMI/RI,/C/RI

3

Report Setting 3
Aperiodic, CQI/PMI/RI, No CRI

Measurement Setting

(Links)




image2.png
Update of 15t BPL Update of 2" BPL

A A DL Beam Indication for
4 N N PDSCH
P2 Sweep for P3 Sweep for P2 Sweep for P3 Sweep for DL data scheduled for UE;
Mi=1 Mi=1 Mi=2 MI=2 DCl includes Ml =1

>
ﬂ Time
RSRP + CRI csl RSRP + CRI csl UE assumes PDSCH DMRS
report for MI = 1 report for MI = 1 report for Ml =2 report for MI =2 spatially QCL with preferred

CSI-RS resource in most
recent measurement
corresponding to MI =1





