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1. Introduction 
Document summarizes the views and discussion from various companies based on the contributions, and highlights some topics for potential agreement and more discussion.
2. Beam Measurement and Reporting
· Joint configuration of SSB and CSI-RS for beam mgmt. (Ericsson, Qualcomm, Interdigital, 
· Configure a subset of SSBs for beam mgmt., indicate a subset of SSBs (Supported by:  Ericsson, QC)
· Proposals to jointly report L1-rsrp using both SSB and CSI-RS (Supported by: Intel
· Differential reporting (Interdigital, Nokia)
· UE initiated beam training

3. Beam indication
Some proposals on the indication and update of the spatial QCL parameters have been proposed by some companies:
Concepts that need further discussion:
· Mechanism and signalling to indicate QCL for PDCCH, PDSCH, and CSI-RS (periodic and aperiodic) including: 
· Use of RRC/RRC + MAC-CE for PDCCH QCL reporting, Use of DCI for PDCCH QCL indication
· The RSs to which the PDCCH RS/CORESET and PDSCH DMRS can be QCLed
· Mechanism to indicate grant/ and measurement reporting of CSI-RS for beam mgmt.
· Mechanisms to update the QCL for existing beam pairs
· Beam indication across component carriers

The email discussion [90-25] on the parameters for beam measurement and reporting also requires more discussion. The following parameters require some guidelines on their possible ranges.
· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.
· The number of slots between a CSI-RS burst for beam management and the associated report shall be at least RB slots.
· Number of slots between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of beam changes a UE has to conduct during a slot shall not exceed BB.
· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The the max number of CSI resources to measure L1-RSRP within a slot shall not exceed .
· Maximum number of Tx beam changes a UE has to conduct during a slot shall not exceed .
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least  symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is 



4. CSI-RS for Beam mgmt.
Some topics that require discussion:
· Density D = 1 and X=2 case
· Time domain repetitions for P2, P3 or joint P2/P3 procedure and how to signal the repetitions

5. UL beam mgmt.
· Mechanism of indication of Tx beam 
· Based on reciprocity or through SRS
· Linkage between uplink beam indication and RS index (e.g. SRI, CRI, SSB index),
· Details on how the UE can indicate the amount of resources for SRS
· Include signalling method and impact of multi-panel
· Signalling/indication of whether same power, or same beam across SRS

6. Possible Agreements:
Beam Indication for PDCCH and PDSCH:
WF from Ericsson, [CATT, NTT Docomo, Samsung]
1. A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
a. Whether M = 2N is for further study, where N is the size of the DCI field for PDSCH
b. FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set, as per previous agreement
· Each ID of DL RS at least for the purpose of spatial QCL in an RS Set can refer to any one of the following DL RS types:
· SSB
· Objected by LG (?)
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· Note: Different mechanisms to initialize/update the ID of a DL RS in the RS Set used for spatial QCL purposes are discussed later in this proposal. The mechanisms used for different RS types are FFS.

· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits
Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.
LG:
SSB should be FFS – 
ZTE:
Should have 2 DMRS port group - specifying more than one DMRS port group and more than one RS Set per TCI state
CATT: Whether or not the TCI is used also for PDCCH is FFS

2. For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· RAN1 to down-select to one of the following
· Opt-1: The TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· Opt-2: The TCI field is in a different DCI (i.e., different slot) as the one containing the PDSCH scheduling assignment
· Note: In down-selection, it shall be considered that the timing between the PDSCH resource assignment in DCI and the corresponding PDSCH transmission is indicated by a field in the DCI from a set of values configured by higher layers, as per previous agreement
· Within the RS Set of the signaled TCI state, either or both of Mechanism-1 and Mechanism-2 (shown later in this proposal) may be used to update the ID of the DL RS used for spatial QCL purposes
· FFS: When TCI states are not used for QCL indication, whether or not the TCI field is present in DCI is TBD
3. For QCL indication for PDCCH:
· A CORESET configuration for a UE-specific search space contains the information which provides a reference to a TCI state
· Note: relation between CORESET configuration and search space configuration (e.g., whether 1:1 or 1:many) will be discussed in the control channel agenda item
· 
· The QCL configuration/indication for PDCCH contains the information which provides a reference to a TCI state
· FFS: More than one state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· Alt 2: The QCL configuration/indication is on a per search space basis
· Alt 3: The QCL configuration/indication is on a per PDCCH candidate
· Other alternatives not precluded
· Note: The above options are provided as input to the control channel agenda item discussion.
Offline agreement:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH


· Within the RS Set of the referenced TCI state, Mechanism-1 (shown later in this proposal) with at least RRC or RRC + MAC-CE signaling may be used to update the ID of the DL RS used for spatial QCL purposes
· FFS: Support for DCI signaling
· FFS: Whether or not Mechanism-2 (shown later in this proposal) can be used to update the ID of the DL RS
4. RAN1 to further study the following additional operation modes
· Mode-1: The UE can make use of the same QCL assumptions for demodulation of PDCCH as for the QCL assumptions for PDSCH
· Mode-2: The UE can make use of the same QCL assumptions for demodulation of PDSCH as for the QCL assumptions for PDCCH
· Note: The timing between the reception of a QCL indication at the UE (slot n) and the first time that the UE may apply the QCL assumption for the demodulation of PDSCH and/or PDCCH (slot n + d) shall be studied
5. Within the RS Set of a TCI state, the following two mechanisms are supported for updating the ID of a DL RS used for spatial QCL purposes
· Mechanism-1 (Explicit update of a DL RS Index)
· The UE receives a signalling message containing the ID of the DL RS and the corresponding TCI
· If the UE receives the signalling message in slot n, the first time that the UE applies the updated QCL assumption for demodulation of PDSCH or PDCCH is in slot n + d1
· FFS: Value of d1
· FFS: Further signalling details, e.g., RRC, MAC-CE, DCI, or a combination
· Note: d1 is dependent on type of signalling
1. Mechanism-2 (Implicit update of a DL RS Index)
· The UE receives by DCI a measurement trigger for a set of aperiodic CSI-RS resources. The DCI also contains a TCI field
· Based on its measurement, the UE assigns the ID of the preferred CSI-RS resource from the triggered resource set to the RS Set within the TCI state indicated in DCI
· If the UE receives the DCI measurement trigger in slot n, the first time that the UE applies the updated QCL assumption for demodulation of PDSCH or PDCCH is in slot n + d2
· FFS: Value of d2

Beam indication for CSI-RS:
WF needed.
Beam measurement and reporting:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Supporting companies: Qualcomm. Interdigital, LG, Ericsson, ZTE, Samsung, ITRI, Docomo

· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Supporting companies: Huawei, Intel
· Objected by:
· Down-select between the two options


1. Proposal: Support differential reporting of L1-RSRP when the RSRP of multiple beams are to be simultaneously reported.
· FFS: The method of deriving the differential report of L1-RSRP

2. Proposal: Huawei, HiSilicon, Samsung, InterDigital, Nokia, Nokia Shanghai Bell, Spreadtrum Communications, Ericsson, CHTTL, vivo, LG Electronics.
· Also supported by Intel, NEC

· For non-group based beam reporting, the maximum number of gNB TX beams to be reported by a UE per reporting instance is at least 4
· FFS: 8.

· Opposing companies: ZTE, CATT, Mediatek, Docomo, Qualcomm

· Support differential L1-RSRP reporting of multiple gNB Tx beams
· In addition, supported by ZTE, 
· Opposing companies: CATT, Mediatek, Docomo, Qualcomm

3. Proposal: L1-RSRP measurement is reported per RS resource in report instance used for beam mgmt.
Note: L1-RSRP measurement based on multiple RS resources is not supported for the SSB-only or the CSI-RS only configurations for beam mgmt.

4. Proposal: Agree to further discuss the range of values for beam mgmt the following parameters:
· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.
· For further discussion on the scenarios (where UE beam is changed or not from the last symbol containing the DCI to the first symbol containing the CSI RS)
· Note: the latency may include the DCI decoding latency

· The number of symbols between CSI-RS for beam management and the associated report shall be at least RB.
· Note: The start is calculated from the last symbol of the CSI-RS used for the measurement report and end time is calculated to be the first symbol of the associated report
· [bookmark: _GoBack]Note: CSI-RS may be for P1/P2/P3 procedures

· Number of slots between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB

· Number of slots between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of Rx beam changes a UE can conduct during a slot shall not exceed BB.
· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The max number of CSI resources to measure L1-RSRP within a slot shall not exceed .
· The max number of simultaneously triggered CSI/beam reports is at most TB
· Maximum number of Tx beam changes a UE can conduct during a slot shall not exceed .
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least  symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is 

CSI-RS for beam management:
1. Proposal: For the CSI-RS with X=2 for beam management, we assume that the 2 ports in the CSI-RS resource are QCLed with each other

2. Proposal: 
· For aperiodic CSI-RS for beam management the gNB shall provide a beam procedure information element for each CSI-RS resource of a set. 
· For two CSI-RS resources with the same contents of beam procedure information element, the UE may assume that the gNB uses the same TX-beam. 
· Note: This indicates to the UE whether and when it can sweep its RX beams.

Proposal:
Confirm the WA in Slide 2 with the following details:
· CSI-RS resources in the resource set can be FDMed and/or TDMed. 
· For the TDMed resources, 
· Description will need to be added in TS38.211 for the case of repetition “ON”.  Precise wording is TBD. One potential example is:
· If repetition is set to “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
· The resources can be configured with the following common parameters at least: 
· RE mapping patterns in frequency domain, transmission periodicity, Pc
· The resources can be configured with the following resource-specific parameters at least: 
· OFDM symbol location 
· Slot offset (for periodic CSI-RS in case a set spans more than one slot)

NR supports the following configurations for P1/P2/P3 beam management.
· Multiple resource sets of CSI-RS for BM are configured in a resource setting. For each resource set of CSI-RS for BM, repetition must be set to “ON”
· If repetition is set to “ON”, UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
· Note: This may be used for P1 (or joint P2 & P3) beam management
· One resource set is configured in a resource setting with repetition “OFF”
· UE reports local CSI-RS resource indicator(s) within this resource set for CRI feedback
· Note: This may be used for P2 beam management
· One resource set is configured  in a resource setting with repetition “ON”
· UE does not report CRI related information
· Note: This may be used for P3 beam management



UL beam management:
WF needed on following topics:
· Mechanism of indication of Tx beam 
· Based on reciprocity or through SRS
· Linkage between uplink beam indication and RS index (e.g. SRI, CRI, SSB index),
· Details on how the UE can indicate the amount of resources for SRS
· Include signalling method and impact of multi-panel
· Signalling/indication of whether same power, or same beam across SRS


Proposal:
· In RAN1-89, the following agreement was made:

R1-1709376	WF on SRS Tx beam determination		LG Electronics, Intel Corporation
Agreements:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI


· Regarding all three FFS points on “the indication via MAC CE and/or DCI” in the above agreement
· NR adopts the RS indication via MAC CE for determining SRS Tx beam for a configured SRS resource.
· Note: DCI-based dynamic Ap-SRS resource selection/triggering is already supported (as agreed); and for each DCI triggering state, the RS association can be updated by the MAC CE, where details are up to RAN2.  


Proposal:
LG Electronics, Sony, ZTE, [Intel Corporation], [Huawei, HiSilicon], [MediaTek]
· Support SRS configuration for UE to derive the UL beam sweeping behavior for SRS transmissions
· UE applies a same Tx beam, which can be indicated by SRI or CRI, for all SRS ports within a single SRS resource
· For a particular SRS resource group used for beam management, UE applies different Tx beams, which can be indicated by SRI or CRI, across different SRS resources
· FFS whether same Tx beam could be applied across different SRS resources

	

7. List of proposals from some companies
Ericsson:
Proposal 1	Unified DL beam indication for PDSCH and PDCCH (details below)
Proposal 2	Procedures for defining/updating TCI States (details below)
Proposal 3	NR should support a configuration that beam indications for PDSCH are valid also for PDCCH.
Proposal 4	To enable UL beam indication, NR supports signalling a TCI in a DCI message containing an UL grant to aid the UE in adjusting its spatial Tx configuration (beam) for the purposes of transmitting PUSCH/PUCCH/SRS.
Proposal 5	To enable either (1) DL beam indication for reciprocity operation or (2) UL beam indication for UEs lacking UL/DL beam correspondence, NR supports inclusion of an SRS resource in an RS Set associated with a TCI state to provide the UE with a spatial QCL reference for adjusting its spatial Rx/Tx configuration (beam).
Proposal 6	Extend the CSI / Beam Management framework to enable configuration of a set of SSB resources within a resource setting on which the UE shall perform L1-RSRP measurements. The set of SSB resources may be all or a subset of transmitted SSBs from a TRP. Extend the framework to enable configuration of a report setting linked to the aforementioned resource setting. The report setting contains at least the following parameters: time domain behaviour = [periodic, semi-persistent, aperiodic], and N = the number of reported RSRPs. Maximum value of N is FFS.
Proposal 7	For L1-RSRP reporting on SSB, support configuring the UE with a mapping between the full SS block identity and a short measurement identity (6 or fewer bits). The short measurement identity is used in measurement reports and uniquely identifies a SSB resource within a configured set of SSB resources. An IE specifying the short ID configuration is associated with the configured set of SSB resources within a resource setting.

Details of Proposal 1
· A list of up to 2N Transmission Configuration Indication (TCI) states is defined for the UE at least for the purpose of QCL indication for PDSCH DMRS and PDCCH DMRS
· Each TCI state can have one or two RS sets, as per previous agreement
· FFS: Value of N, e.g., N = [3]
· For PDSCH QCL indication:
· The UE is signalled the N-bit TCI field in DCI that selects one of the 2N defined TCI states which provides a reference to one or two RS set(s) which are QCL with DMRS port(s) of the PDSCH scheduled to the UE, as per previous agreement
· For PDCCH QCL indication:
· The UE is configured by RRC only or configured by RRC and signalled by MAC-CE with a one of the 2N defined TCI states which provides a reference to an RS set which is QCL with the DMRS port(s) of the PDCCH in a configured CORESET containing a UE specific search space
· FFS: CORESET containing common search space
· Note: different CORESETs may be configured for different TCI states, e.g., for multi-TRP operation
· A configuration is supported whereby beam indication for PDSCH is also valid for PDCCH
· Each RS set within a TCI state refers to one or more DL RS(s) which are QCL with the port(s) within a PDSCH DMRS port group or are QCL with the PDCCH DMRS port(s)
· A TCI state with two RS sets is only used in the case of two DMRS port groups for PDSCH
· A TCI state with one RS set is always used in the case of DMRS for PDCCH
· An RS in an RS set can refer to any of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: TRS depending on outcome of discussions in the QCL agenda item
· During initial access, the UE associates the TCI = 0 state with the SSB acquired during the initial access procedure

Details of Proposal 2
· For a UE in RRC CONNECTED mode, an RS within an RS set of any TCI state may be dynamically updated through either of the following two mechanisms
· Mechanism-1 (Explicit update of a TCI state)
· The UE receives a signalling message with a TCI value and the index of a DL RS to be assigned to an RS set belonging to the TCI state
· The RS index can be an
· SSB index
· Index of a periodic, semi-persistent, or aperiodic CSI-RS resource
· If measurement restriction is ON (for periodic/semi-persistent CSI-RS) the index refers to the most recent measurement of the indicated resource
· For aperiodic CSI-RS, the index refers to the most recent measurement of the indicated resource
· FFS: Additionally support a time-stamped measurement of a CSI-RS resource
· If the UE receives the signalling message in slot n, the first time that the UE may apply the updated QCL assumption for demodulation of PDSCH or PDCCH is in slot n + d1
· FFS: Value of d1 
· Note: The signalling can simultaneously update two RS sets in which case two RS indexes would be signalled. Furthermore, the signalling can simultaneously update more than one TCI state.
· FFS: Further signalling details, e.g., RRC, MAC-CE, DCI, or a combination
· Mechanism-2 (Implicit update of a TCI state)
· The UE receives by DCI a measurement trigger for one or two resource sets of aperiodic CSI-RS resources in the same slot, plus a TCI value
· Note: a resource set in this context refers to a set of CSI-RS resources configured within a  resource setting in the agreed CSI framework
· The UE associates the preferred CSI-RS resource from each triggered resource set with the TCI state of the signalled TCI value and thus assigns the preferred CSI-RS(s) to the RS set(s) within the TCI state
· If the UE receives the DCI measurement trigger in slot n, the first time that the UE may apply the updated QCL assumption for demodulation of PDSCH or PDCCH is in slot n + d2
· FFS: Value of d2
· FFS: Further signalling details, e.g., joint or separate encoding of the measurement trigger and TCI value in DCI

Huawei:

Beam Measurement Configuration
· Proposal 1: For beam management, NR supports signaling of DCI to select single CSI-RS resource set for aperiodic CSI-RS transmission
· Proposal 2: For beam management, NR supports signaling of MAC CE to select single CSI-RS resource set for semi-persistent CSI-RS transmission 
· Proposal 3: Support UE to report the amount of CSI-RS resources/resource sets required for DL Rx beam training
· Proposal 4: Support gNB to indicate a UE whether the UE should use the same Tx beam or not for the transmission of SRS resources within a single SRS resource group.
· Proposal 5: Support power control per SRS resource group for UL beam training where the same transmit power can be assumed for SRS resources within that SRS resource group. 
Beam Selection and Reporting
· Proposal 6: Support rank-dependent beam selection and reporting, i.e., each UE beam reporting corresponds to a certain reported rank.
· Proposal 7: Support differential L1-RSRP reporting with two segments in a beam group reporting instance, where RSRP reference value, RSRP stepping size and the number of reported beams in a report are configurable depending on conveyed UL channel and gNB preferred beam sweeping.
Beam Indication
· Proposal 8: Support associating the coarse beam pair identified during initial access procedure with a default indicator state, e.g., [00].
· Proposal 9: Support explicit signalling for configuring association between indicator state and UE reported information, e.g., CRI, SS block time index.
· Proposal 10: Support a time offset between beam indication and the application of beam indication for scheduled transmission/reception, at least for the case that Rx beam needs to be changed by the gNB
· Proposal 11: Supports spatial QCL indication across component carriers or bandwidth parts.
· Proposal 12: For carrier aggregation, support maintaining a spatially QCLed component carrier group based on UE beam management feedback.

DOCOMO:
Proposal 1: For the configuration and transmission of SS-block, follow the design in initial access.
Proposal 2: Confirm the following working assumption.
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols
Proposal 3: In a beam reporting instance, a UE can be configured to report N=2 different TX beams that can be received simultaneously.
Proposal 4: Support at most 4 TX beams reported per reporting instance.
Proposal 5: Support a spatial QCL state which refers to multiple DL RS index. 
Proposal 6: Support both explicit and implicit signaling to associate an indicator state to one DL RS index.
Proposal 7: Support explicit signaling to associate an indicator state to multiple DL RS indices.

Qualcomm:
Proposal 1: We propose , , ,  ], , , = [10], , . The value of  depends on the protocol used to make the change of the PDCCH beam robust against transmission errors.
Proposal 2: L1-RSRP reports, as well as reporting and measurement settings for CSI-RS and SS blocks shall use identical formats.
Proposal 3: Aperiodic measurements and reports shall be conveyed through DCI, while periodic measurements and reports shall be setup and triggered through RRC messages.
Proposal 4: For aperiodic CSI-RS for beam management the gNB shall provide a beam procedure information element for each CSI-RS resource of a set. For two CSI-RS resources with the same contents of beam procedure information element, the UE may assume that the gNB uses the same TX-beam. This indicates to the UE whether and when it should sweep its RX beams.
Observation 1: Indication of BPLs based on UE-beams versus gNB-beams offers benefits like those of beam grouping for a modest overhead in signaling. 
Proposal 5: NR shall support UE-beam based indication of BPLs.
Proposal 6: Polarization MIMO is best supported if at least periodic CSI-RS is transmitted with CSI-RS resources containing two gNB antenna ports of opposite polarization.
Proposal 7: In NR, the purpose of UL beam management is to support UEs that cannot on their own provide Tx beams reciprocal to given Rx beams. UL beam management enables those UEs to translate BPLs useful for DL into (reciprocal) BPLs useful for UL

Interdigital:
Proposal 1: Support differential RSRP feedback of multiple beam reporting with multiple resolutions.
Proposal 2: A unified DL beam management framework is supported for flexible beam measurement and reporting on SS-block and CSI-RS.
Proposal 3: Support a unified beam reporting format for flexible beam measurement and reporting. 
Proposal 4: Support extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links while the blind decoding complexity should be remained same.  
Proposal 5: Support a beam switching procedure in which a UE receives a beam switching command when the UE monitors the extended NR-PDCCH monitoring set. 
Proposal 6: Support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
Proposal 7: Support dynamic beam pair link indication for NR-PDSCH reception and consider a cross-slot scheduling when the indicated beam for NR-PDSCH is different from a predetermined beam information. 
Proposal 8: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 
Proposal 9: Supports that a UE provides beam correspondence status and beam sweeping type based on the requested amount of SRS resources to gNB. 
Proposal 10: A flexible SRS configuration is supported for no beam correspondence and partial beam correspondence cases.
Proposal 11: The same transmission power is used for SRS transmission during one round of beam sweeping.
Proposal 12: Support SRS transmission power for UL BM is derived from beam-specific power control signaling.
Proposal 13: Support PL offset/adjustment to compensate the mismatch between DL and UL PL for SRS beam sweeping power setting.

Nokia:
Proposal 1: Support different beam RSRP reporting modes, i.e. full and differential by using MAC CE and layer 1 control signalling.

Proposal 2: Support full multi-level beam RSRP report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report
· Relative power resolution window,, fixed over different beam groups [dB] is used. 
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.     

Proposal 3: Support differential multi-level beam report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report.
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beams into N positions). 
· A bit vector with the length of N-bits to indicate new TX beam positions, i.e. 1=new and 0=old. Note: For Alt-2 the length of bit vector is equal to # beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.    
· Power window can be defined to enable the tracking of L new TX beams, i.e. CRIs/SSB indices not being part of previous beam report, being within the power window. The power window is configured by defining power threshold values above and below of the maximum RSRP value. 
· Differential beam group reporting can also be configured to report only L new beams, i.e. CRIs/SSB indices, and their power offsets.

Intel:
Proposal 1: Support differential L1-RSRP reporting for multiple beams to reduce overhead. The reference beam could be set implicitly.
Proposal 2: If SS block + CSI-RS is used, the power offset should be introduced to support L1 reporting.
Proposal 3: For group based beam reporting, it should be supported to indicate whether the Tx beams reported at different reporting instance could be received simultaneously by the UE.
Proposal 4: For NR-PDSCH beam indication via DCI, the scheduling offset between PDCCH and PDSCH is pre-configured and depends on UE capability.
Proposal 5: For DL, the beam indication can be based on latest beam reporting to reduce overhead. For UL beam indication without beam correspondence, the gNB should explicitly signal to the UE about the association between SRI and N-bit indicator.
Proposal 6: For DL beam management P-2 and P-3, it could be requested by the UE and the configuration is performed by the gNB.
Proposal 7: For multi-TRP and multi-panel operation, RAN1 to further study whether the downlink beam management procedures should be performed jointly or independently among TRPs.
Proposal 8: In addition to SRS, NR should support the following channels for UL beam management: PRACH, and PUCCH/PRACH for beam recovery. And gNB to trigger PUCCH/PRACH for beam recovery should be supported.
Proposal 9: After receiving the SRS, the TRP should provide power control related information for the UE to update its power control settings and pathloss calculation if the refined beam is a new beam.
Proposal 10: For UL BM U-3, NR supports signaling to inform the UE whether the Tx beam sweeping should rely on current Tx beam in one BPL or not, and the indication of the best UE Tx beam index should be supported.
Proposal 11: RAN1 should consider joint UL/DL beam management into account when UL/DL channel reciprocity can be assumed. The RS association between CSI-RS for beam management and SRS should be supported. Other RS association can be FFS since the benefit is unclear.

Samsung:
Proposal 1: For PDSCH beam indication, the number of bits for signalling QI is less than or equal to [3].
Proposal 2: RRC/RRC + MAC-CE signalling is used for signalling QCL reference for the following use-cases:
· For beam indication for PDSCH, RRC/RRC + MAC-CE signalling provides linkage between a QI state and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set associated with the QI state. 
· For beam indication for PDCCH, RRC/RRC + MAC-CE signalling provides linkage between a CORESET and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set associated with the CORESET. 
· The DL RS index providing QCL reference can correspond to either a P/SP CSI-RS resource or an SS Block
· FFS: The DL RS index can also correspond to an AP CSI-RS resource.
Proposal 3: Introduce a higher-layer signalled CORESET parameter Y which enables/disables the inclusion of an QI field within a DCI message carried within a UE-specific PDCCH on a CORESET.
· If Y is enabled, then when the UE detects a DCI scheduled via a UE-specific PDCCH within that CORESET, the UE assumes that the DL RS associated with the QI (carried within the DCI message) also provides QCL reference for receiving AP CSI-RS (if triggered by the DCI) or for receiving PDSCH (if the DCI provides a DL assignment).
· If Y is disabled, then the UE assumes an QI field is not carried within any DCI message delivered via that CORESET. The UE applies the QCL reference associated with the CORESET to also receive the scheduled PDSCH/triggered AP CSI-RS on that CORESET.
Proposal 4: Introduce a higher-layer signalled CORESET parameter X for enabling/disabling dynamic update of QCL reference for a UE-specific PDCCH carried within that CORESET.
· If X is enabled, the QCL reference for that CORESET can be dynamically updated via DCI triggering of AP CSI-RS, which shares the same initial QCL reference as that CORESET. 
· If X is disabled, the QCL reference for a CORESET is provided via the last RRC/RRC + MAC-CE signalling received for that CORESET
Proposal 5: Dynamic update of spatial QCL reference is provided by DCI triggering of an AP CSI-RS resource.
· If the triggering DCI includes a QI field, the DL RS index linked to that QI field is assumed to share spatial QCL relation with that AP CSI-RS resource. 
· If the triggering DCI does not include a QI field, the QCL reference for that AP CSI-RS resource is derived based on the QCL reference corresponding to the DM-RS port (s) of the UE-specific PDCCH which carries the triggering DCI
· Upon measurement of that AP CSI-RS resource, the UE shall subsequently replace the existing spatial QCL reference for that QI with the AP CSI-RS resource.
Proposal 6: NR supports the following reporting contents for beam reporting of N selected Tx beams:
· Sorting N reported beam IDs based on the L1-RSRP values. 
· Reporting the largest L1-RSRP among reported beams
· Using the largest L1-RSRP as reference RSRP and reporting the differential RSRP of other beams 
Proposal 7: NR supports MAC-CE based reference RSRP configuration, and multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report. 
Proposal 8: NR supports UE sending a periodic beam reporting.
Proposal 9: NR supports Tx beam grouping configuration in CSI-RS configuration for the UE group-based beam reporting
Proposal 10: The beam sweeping pattern and Tx beamformers on NR-SRS resources should be configured by NW.
Proposal 11: NR supports the NR-SRS transmission for UL beam management:
· For periodic NR-SRS transmission: Tx beams are swept across NR-SRS resources and measurement window is configured on periodic NR-SRS transmission for UL beam management.
· For semi-persistent NR-SRS transmission: MAC-CE is used to activate the transmission and MAC-CE signalling configures the Tx beam sweeping pattern (Swept Tx beam vs same Tx beam) and indicate SRI or CRI for UE to determine the Tx beam(s) on semi-persistent transmission
· For aperiodic NR-SRS transmission: DCI is used to trigger the transmission of N≥ 1 NR-SRS resources, to configure the Tx beam sweeping pattern (swept Tx beam or same Tx beam) and to signal SRI or CRI for UE to determine the Tx beamformer for NR-SRS transmission.  
Proposal 12: TRP indicate one NR-SRS resource index for the Tx beam indication for PUCCH and MAC-CE signalling is used for Tx beam indication for PUCCH
Proposal 13: The UE applies same Tx power for NR-SRS resources with beam sweeping operation for UL beam management. 
Proposal 14: For beam indication of UL transmission, NR supports the configuration of QCL Indicator (QI) as follows:
· RRC signalling configures the QCL association between QI and RS set(s). The configured RS set(s) is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission.
· Dynamic signalling (e.g. MAC-CE, DCI) updates the linkage between QI and RS index (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission.

ZTE:
Proposal-1: For the case of CSI-RS resource(s) with 2-port with D=1 for beam management, the 2 ports within one CSI-RS resource are QCLed w.r.t. all QCL parameters including spatial Rx parameter.
Proposal-2: NR supports the following configurations for P1/P2/P3 beam management.
· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback
· One resource set is configured with repetition “OFF” (for P2)
· UE reports local CSI-RS resource indicator(s) within this resource set for CRI feedback
· One resource set is configured with repetition “ON” (for P3)
· UE does not report CRI related information
· If repetition is set to be “ON”, CSI-RS resources in the resource set is TDMed
· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
Proposal-3: Support block-wise QCL association (including spatial QCL) between CSI-RS resources and SS block(s) through CSI-RS resource setting, i.e., CSI-RS resource set(s) can be spatial QCLed with SS block(s) in order.
Proposal-4: In NR beam management, the following configuration framework should be supported
· N ≥1 beam reporting settings 
· Resource settings containing MCSI-RS≥0 CSI-RS resource setting and MSSB≥0 SS block settings, where MCSI-RS +  MSSB ≥1, and at least spatial QCL association between CSI-RS resources and SS blocks if required;
· 1 beam measurement setting, where the beam measurement setting includes L ≥1 links 
Based on the analysis on beam reporting, we have the following proposals:
Proposal-5: In beam reporting, L1-RSRP should be reported per reported Tx beam
· For non-group based beam reporting (i.e., group based beam reporting is NOT configured), L1-RSRP is determined per reported Tx beam.
· For group based reporting (i.e., group based beam reporting is configured), L1-RSRP is determined per reported Tx beam while simultaneously using the Rx beam(s) associated with this reported group.
· With consideration of the cases of multiple Rx beams in the derivation of L1-RSRSP, receive combining should be described in the L1-RSRP description.
Proposal-6: TRP Tx beam groups are defined for indication to UEs on which beams cannot be transmitted simultaneously in the same group. The beam selection rules for group based beam reporting should follow the constraint that each of these beams to be reported is coming from different TRP beam groups.
Proposal-7:  Support N=4 as the maximum number of beams to be reported. 
Proposal-8: RI can be reported in addition to L1-RSRP, if group based beam reporting is configured.
Based on the analysis on beam indication, we have the following observations and proposals:
Observation 1:  Multi-stage indication, involving RRC, MAC-CE and DCI, for QCL among RS ports can be capable of fulfilling various UE/TRP requirements as well as channel properties, supporting TRP resource allocation with flexibility and saving indication signaling of DCI. 
Proposal-9:  
· NR supports K RRC-configured PQI parameter sets to support joint indication of PDSCH RE mapping and QCL information.
· Each PQI parameter set contains PDSCH RE mapping and QCL information of up to 2 DMRS port groups, NZP CSI-RS resource(s) for CSI acquisition.
· Activation/deactivation by MAC-CE is supported to activate CSI-RS indices from CSI-RS index pool and M PQI parameter sets out of N PQI parameters set, where M<=K. 
· Each DMRS port group per activated PQI parameter set is configured with one or more activated CSI-RS indices from CSI-RS index pool for QCL association w.r.t . spatial Rx parameter.
· Each DMRS port group per activated PQI parameter set is associated with the configured TRS resource(s), which are associated with the activated CSI-RS indices, for QCL association w.r.t. Doppler shift, Doppler spread, average delay, and delay spread.    
· DCI signaling of N-bit (with N=Ceil(log2(M))) PQI field is used to select one PQI parameter set out of M activated PQI parameter sets.  
Based on the analysis on UL beam management, we have the following proposals:
Proposal-10: Support UE to provide the following information to gNB to assist UL beam management:
· Number of SRS resource sets 
· Number of SRS resources per set representing the amount of SRS resources per set required for UE Tx beam training
· Notes: different UL SRS resource(s) contained within the same set cannot be transmitted simultaneously at the UE
· Notes: different UL SRS resource(s) contained within the different sets can be transmitted simultaneously at the UE

LG:
Regarding N-bit indicator in DCI:
Proposal 1: Support at least explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state. FFS to support the association is implicitly determined by the UE.
Proposal 2: Support joint encoding between PDSCH beam indication and PDSCH rate matching information to possibly save the DCI overhead.
Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication.

Regarding spatial QCL relation between a reference RS and a targeted RS:
Proposal 5: An indicator for spatial QCL relation between a reference RS and a targeted RS should be supported in a separated/independent DCI field/format, compared with an indicator for the spatial QCL indication for PDSCH reception.
Proposal 6: The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.
Proposal 7: The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.

Further details on NR-PDCCH beam indication:
Proposed 8: For NR-PDCCH beam indication, RRC signaling can be used for configuration about one or more time/frequency domain pattern(s) for each serving beam and MAC-CE signaling can be used to indicate exact beam or pattern information.
Proposal 9: For multi-beam PDCCH operations, if a UE succeeds to decode a control channel, it is supported the UE can report Tx beam related information, which is used for the control channel transmission/reception, in order to support dynamic DL beam management.

Further details on UL beam management:
Proposal 10: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
Proposal 11: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options
· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.

Mediatek:
Proposal 1: Low-overhead indexing is anchored on P-1 related measurements and reports.
Proposal 2: Association between low-overhead indices and a P-1 DL RS indices is explicitly signalled to UE.
Proposal 3: for beam refinement related to P-2 and P-3 procedures, a corresponding low-overhead index is signalled together with P-2/P-3 measurement trigger for assisting UE Rx beam determination.
Proposal 4: DMRS port(s) of UE-specific PDCCH is not spatially QCL’ed with aperiodic CSI-RS resource(s).
Proposal 5: UE assumes control channel beam as fallback for data channel beam.
Proposal 6: A default configuration of data channel beam indication assumes reusing control channel beam indication information. Explicit data channel beam indication is additionally configured by NW when deemed beneficial.
Proposal 7: The same association between low-overhead indices and DL RS indices is shared by both NR-PDCCH and NR-PDSCH.
Proposal 8: UE beam sweeping pattern type (swept Tx beams or same Tx beam) is provided to UE, e.g., via RRC signalling.
Proposal 9:  UE provides capability information on its beam correspondence to assist UL beam management. The beam correspondence status can be a 1 bit field in the capability report.
Proposal 10: Number of required SRS resources for UL TX beam training is provided to NW at least in a semi-static manner, via either RRC message or MAC CE signaling.
ETRI:
Proposal 1: Beam measurement of the BWPs that does not contain SS blocks should be considered.
Proposal 2: For the beam measurement and reporting for wider bandwidth operation, joint L1-RSRP reporting using QCL-ed SS block + CSI-RS should be further studied.


