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1. Introduction
The following topics have been identified as the main scope of contributions within the section 7.1.2.2.1. The document lists the WFs that have been submitted in these topics and subsequent sections identify the main proposals based on the offline discussion. 
· RSs used for beam management
· Ericsson: WF on Configuration of CSI-RS, Ericsson, AT&T, Huawei, LG, Intel, [Qualcomm], 
· SS: WF on RS for P1 procedure, SS, Nokia, ASB, 
· QC: WF on use of SS-blocks for beam management, Qualcomm, [Ericsson], [AT&T], [LG], [Xinwei], [ZTE], [National Instruments] …
· Beam grouping/Indication/Reporting
· Samsung: WF on beam indication for pdcch, Samsung, [Intel], [Ericsson]
· Samsung: WF on beam indication for pdsch, Samsung,
· LGE: WF on QCL for CSI-RS as beam-related indication
· ZTE: WF on group-based beam reporting
· DOCOMO: WF on beam grouping
· Intel: WF on group based beam reporting
· CSI-RS for beam mgmt. (including the sub-time unit case)
· Intel: draft WF on CSI-RS for beam management
· ZTE, LG: WF on CSI-RS for beam management
· UL beam management
· MTK: WF on UL Beam Management with UE assistance information
· Huawei: WF on UL beam management
· LGE: WF on SRS Tx beam determination
· OPPO: R1-1709554 WF on aperiodic SRS for UL beam management

This document describes the discussion/WFs in the topics listed above.
2. RS used for beam management
Proposals on the RSs used for beam management and how they are configured. 

WF from Ericsson on CSI-RS based on UE-specifically configured signaling:
· CSI-RS is configured only through dedicated (UE-specific) signalling
· CSI-RS configuration is not included in a broadcast message (e.g., MIB/SIB)
WF from Samsung on cell-specifically configured CSI-RS: 
· For UE RRC connected mode, cell-specifically configured periodic CSI-RS is supported at least for P1 procedure (Tx/Rx beam alignment)
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)

WF from QC on use of SS-blocks for beam management:
· NR supports the use of SS-blocks as a basis for beam management procedures in addition to UE-specifically configured CSI-RS
· Support measurement of SS blocks for UEs in CONNECTED mode and reporting of measurements
· Reporting includes at least 
· L1-RSRP associated with SS block(s) 
· FFS: If L1-RSRP different from L3-RSRP
· Identifier based on SS block IDs 
· FFS: Details on SS block identifiers
· FFS: Reporting details
· FFS: the relationship between L1-RSRP and SS block-RSRP, e.g. comparison between these two measurement. 
Possible agreements:
· CSI-RS is configured only through dedicated (UE-specific) signalling
· CSI-RS configuration is not included in a broadcast message (e.g., MIB/SIB)
Objected by: Samsung, Nokia, ZTE, KT

· For UE RRC connected mode, cell-specifically configured periodic CSI-RS is supported at least for P1 procedure (Tx/Rx beam alignment)
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)

Discussion:
For beam management (not including beam failure detection) :
· UE-specific CSI-RS only: 
· SS-block and UE-specifically configured CSI-RS only:
· Cell-specific configured CSI-RS and UE-specific configured CSI-RS:

· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt 1: SS blocks: LG, QC, Oppo, ZTE, Mediatek, ATT, Ericsson, vivo, 
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
:Samsung, Nokia, ASB, KT, Sony, ZTE, Interdigital
· Opt. 3: No additional option; 
· : Huawei, Intel, CATT, Hi-Silicon


Confirm the following working assumption:
Working assumption:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals


· For P1 BM, is UE-specifically configured CSI-RS sufficient or efficient?
· ATT: Not sufficient – neighbor beam
· QC: Not
· Ericsson: Not efficient

· What about time frequency tracking? What is the RS for this? – Nokia


Offline Summary:
· Additional RS to UE-specifically configured CSI-RS is required:

· FFS: Down selection between L1 reporting on SS-block and cell -specifically configured CSI-RS

·  Supported by: LG, Qualcomm, Oppo, ZTE, Mediatek, ATT, vivo, Samsung, Nokia, ASB, KT, Sony, Interdigital

· Objected by: Intel, CATT, Huawei, Hi-Silicon, 

[bookmark: _Hlk482875528]NR supports the use of SS-blocks as a basis for P1 procedure of beam management procedures in addition to UE-specifically configured CSI-RS
· FFS: Details on SS block identifiers
· FFS: Reporting details 
Note: the L1 reports on the SS-block may reuse the measurements made on the SS-blocks for L3 mobility


Possible agreements:
· CSI-RS is configured only through dedicated (UE-specific) signalling
· CSI-RS configuration is not included in a broadcast message (e.g., MIB/SIB)
Objected by: Samsung, Nokia, ZTE, KT

· For UE RRC connected mode, cell-specifically configured periodic CSI-RS is supported at least for P1 procedure (Tx/Rx beam alignment)
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)


3. Beam grouping/indication/reporting


[bookmark: _Hlk482765298]WF from LGE and others.

· For the agreed case of CSI-RS reception for a configured CSI-RS resource with beam-related indication through QCL w.r.t. at least spatial parameter(s), 
· Support such QCL linkage between the CSI-RS resource and either one of the followings
· SS block index (PBCH DMRS) with a cell-ID
· CSI-RS resource ID
· FFS: w.r.t. other QCL parameter(s), e.g., Doppler shift, average delay

WF on DL beam indication: ZTE, ASTRI, Intel, [Samsung]
· For the indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel,
· NR supports indication of RS port/resource ID 
· Multiple DL RS antenna resources/ports are configured via RRC signaling
· MAC-CE is to activate (or deactivate) candidate QCL association to be used in DCI
· DCI is used to select the QCL association from the activated QCL association

WF from Samsung on PDCCH Indication
· For single PDCCH BPL monitoring, the following signaling method for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) is supported
· RRC signaling
· For multiple PDCCH BPLs monitoring, the following signaling method for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) is supported
· Combination of MAC CE + RRC signaling
· The support of DCI signaling can be further considered

WF from Samsung on PDSCH Indication:
· For reception of unicast DL data channel, the default QCL-ed DL RS antenna ports are those QCL-ed with the corresponding NR PDCCH for downlink assignment
· The default QCL-ed DL RS antenna port is applied when indication of QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel is not configured in the DCI for downlink assignment
WF from CATT on beam indication of PDSCH:
· For reception of unicast DL data channel, the DL RS QCL-ed with NR PDSCH are at least explicitly signaled in the associated NR-PDCCH
· Candidate DL RS are determined by RRC  + MAC-CE
· FFS if some of the QCL indication states may implicitly indicate the QCL-ed DL RS 
· e.g. tag-based where the tag refers to previous CSI-RS resources, referring to previous measurement reports, etc.
WF from CATT on beam switching:
· Study and down select from the following options for signaling of DL beams (i.e. QCL-ed DL RS) for UE-specific NR-PDSCH
· Fast beam switching: one NR-PDSCH signaling beam(s) for one NR-PDSCH
· Option 1: 
· pre-determined gap between NR-PDCCH/NR-PDSCH
· Option 2:
· No gap between NR-PDCCH/PDSCH
· PDSCH comprises two parts, part I uses a default beam, part II uses beam indicated in NR-PDCCH
· Slow beam switching: One NR-PDCCH indicating DL beams for NR-PDSCH in N slots 
· Option 3:  QCL assumption window; gap between NR-PDCCH and the first NR-PDSCH 
· Combinations of the above are not precluded


Key topics for agreement: 
· QCL Linkage for beam management:
· LG: between CSI-RS and CSI-RS and/or CSI-RS and SS-block

· Samsung: Default QCL assumptions for PDSCH channel
· e.g. default QCL-ed DL RS antenna ports are those QCL-ed with the corresponding NR PDCCH for downlink assignment


Possible agreement:
· Opt 1: When the spatial QCL signaling is not configured support a spatial QCL relation between antenna port(s) of DMRS of PDSCH channel and corresponding DMRS of NR PDCCH channel for the corresponding downlink assignment 

· Opt 2: When only one beam is configured for the antenna ports of DMRS of the PDSCH channel, no additional signaling of spatial QCL required



· QCL signaling for PDSCH

· ZTE: Through RRC/MAC/DCI for signaling QCL between a DL RS and PDSCH-DMRS for the data channel

· CATT: The DL RS QCL-ed with NR PDSCH at least explicitly signaled in associated NR-PDCCH
· Candidate DL RS are determined by RRC + MAC-CE
· FFS: implicit indication (e.g. through beam tags)

· CATT: Study fast and slow beam switching for PDSCH











Possible Agreement:
· For the indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel,
· NR supports indication of RS port/resource ID 
· Multiple DL RS antenna resources/ports are configured via RRC signaling
· MAC-CE is to activate (or deactivate) candidate QCL association to be used in DCI
· DCI is used to select the QCL association from the activated QCL association

Signaling of QCL for NR-PDSCH:
· Opt 1: RRC and DCI signalling 
· Opt 2: RRC and MAC-CE and DCI signaling
· [P1/P2 RS (CSI-RS) QCLed with DMRS of PDSCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters ]

 
· Support indication of spatial QCL linkage between the CSI-RS resource and NR-PDSCH
· Indication through RRC, MAC-CE, DCI or a combination of them is supported
· FFS: Use of beam tags for QCL indication

· QCL signaling for PDCCH
· For single PDCCH BPL monitoring, RRC signaling for beam indication for NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) is supported
· For multiple PDCCH BPLs monitoring, a combination of MAC CE + RRC signaling for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) is supported
· The support of DCI signaling can be further considered
Possible Agreement:
· Support indication of spatial QCL linkage between the CSI-RS resource and NR-PDCCH
· Indication through RRC is supported
· FFS: Use of MAC-CE and/or DCI in combination with RRC signaling


WFs on Beam grouping and Reporting: 

WF on beam grouping from Docomo
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· In addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting for each beam reporting instance
· FFS: detailed design of related beam reporting content, e.g., group ID for each beam reporting instance
· FFS: single-stage vs. multi-stage reporting

WF on Beam reporting from Intel
· For beam management with beam group reporting, the number of groups M and the number of TX beams per group N can be UE-specifically configured
· Configuration of M = 1 and N = 1 are supported which implies no impact to reporting and indication overhead
· The UE specific configuration can be based on UE capability 
· Decide the maximum values of M, N supported by the spec in the next meeting to be able to determine impact on reporting and indication overhead 
· Down-selection between Alt1 and Alt2 at next meeting
· FFS: The number of groups reported could be smaller than M and the number of Tx beams reported per group could be smaller than N
· FFS: Companies are encouraged to evaluate performance to determine maximum values of M, N for the first release of NR

R1-1709307 WF on group based beam reporting from ZTE
· NR supports Alt. 1 of group based beam reporting (i.e., UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal) 
· Note that UE Rx beams within a Rx beam set are used for receiving a DL signal simultaneously.
· Study further interpretation of Tx beams within one group referring to a Rx beam set (Alt1) and its potential sub-categories, e.g.,
· Refinement of beam group definition e.g.
· different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· different TRP TX beams reported for different UE Rx beam set cannot be possible to be received simultaneously at the UE
· UE assistant to transmission scheme selection
· received simultaneously but not for spatially multiplexing
· received simultaneously and for spatially multiplexing 
· FFS: spec impact, e.g., multi-level grouped by UE or provisioned by gNB, multi-stage reporting of grouping information
Key concepts:
· Criteria for beam grouping
· Overhead for reporting after beam grouping

Potential Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· [bookmark: _GoBack]FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information
· Configuration of L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· FFS: Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 
· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 




4.  CSI-RS for beam management
Proposals on how to configure the CSI-RS for beam management.

R1-1709317 WF from ZTE on CSI-RS for beam management
[bookmark: _Hlk482892047]NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· Information related to number of CSI-RS resources
· Information related to number of time-domain repetitions associated with each CSI-RS resource
· Note this does not imply a particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
· Different sub-time units may have different ports, and/or different sub-time units may have same ports

R1-1709617 WF from Samsung on CSI-RS design for beam management:
· A resource unit is defined as a set of CSI-RS antenna ports which comprises of NP x L REs in an OFDM symbol
· NP = 1, 2, [4] is the number of antenna ports in the set. 
· Antenna port index is defined within a resource unit
· If IFDMA is used for sub-time unit partitioning method, L > 1 and some of REs in the set can have zero transmit power. For other sub-time unit methods, L = 1. 
· Based on a gNB’s configuration, a configured BW can be used only for CSI-RS in an OFDM symbol for the beam management purpose
· K resource units associated with CSI-RS resources indexed by 0, 1, …, K-1 are cyclically and continuously mapped on the REs within the configured BW in that OFDM symbol 
· FFS: whether to support FDM between SS-block BW and the configured CSI-RS BW
· FFS: RE mapping for antenna ports within the set (e.g. FDM or CDM), Configuration parameter details 
[image: ]


[image: ]


Key concepts to agree on:
· Signaling indicating CSI-RS resource configuration and number of resources
· Signaling indicating the time domain repetition of ports for beam sweeping
· Port numbering when configuring sub-time units
· Structure of the CSI-RS resources used for beam management – e.g. number of antenna ports in a resource, the time/frequency structure of antenna port(s), structure of resource when sub-time units are used

Potential agreements:

· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· Information related to number of CSI-RS resources
· Information related to number of time-domain repetitions associated with each CSI-RS resource
· Note this does not imply a particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
· Different sub-time units may have different ports, and/or different sub-time units may have same ports

· A resource unit is defined as a set of CSI-RS antenna ports which comprises of NP x L REs in an OFDM symbol
· NP = 1, 2, [4] is the number of antenna ports in the set. 
· Antenna port index is defined within a resource unit
· If IFDMA is used for sub-time unit partitioning method, L > 1 and some of REs in the set can have zero transmit power. For other sub-time unit methods, L = 1. 



5. UL beam management
Proposals on UL beam management:
WF from LGE:
· When UE beam correspondence is hold,
· NR supports a DL RS indication per configured SRS resource, where the SRS Tx beam should correspond to DL Rx beam used for receiving the indicated DL RS.
· The DL RS indication can be CRI(CSI-RS resource indicator), at least.
· FFS: The indication via MAC CE and/or DCI
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication per 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
WF from Huawei on UL beam management:
· Support gNB to indicate beam sweeping type for SRS transmission for UL beam training, where two beam sweeping types are defined as 
· Type 1: UE keeps the same Tx beam across symbols allocated for SRS transmission
· Type 2: UE uses different Tx beams for symbols allocated for SRS transmission
· Support UE to request the desired amount of SRS resources and beam sweeping type
· Support UE to use same transmit power for each SRS port during one round of beam sweeping
· FFS: details
· E.g., maximum or minimum transmit power, derived from BPL-specific power control signaling
· E.g., pre-configured transmit power
WF from Mediatek on UL beam management:
· Support UE to provide information to gNB to assist UL beam management
· The information can be integrated into UE beam correspondence state information by increasing UE beam correspondence state resolution, e.g., via multi-bit string 
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

R1-1709554 WF from OPPO on aperiodic SRS for UL beam management
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· All the N SRS resources for UL beam management can be configured to use the same transmit power


Potential agreements:
References
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