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Introduction
In RAN1 NR adhoc #3 in Nagoya, progress has been made on downlink QCL indication for PDSCH, as well configuration of RS for beam management and reporting. The following conclusions have been reached in the meeting.
Agreement:
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
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· 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
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· 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
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· 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.

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

Agreement:
· 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
· 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
· Down-select between the two options

In RAN1 #90bis, further agreements have been reached regarding TCI states and QCL indications.
Agreement:
Support at least the explicit approach for the update of spatial QCL reference in a TCI state.
· FFS: Additional support for implicit update.
· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach
· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.

Agreement:
· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 
· The DL RS supported at least include CSI-RS and SSB. 
· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.
	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS
FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC


	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS
FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE


	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS
Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.


Agreement:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 
· Short/long PUCCH
· PUSCH
· Support the following reporting types for beam mgmt. on the above channels
· For Periodic, support long PUCCH and short PUCCH
· Semi-persistent – support all channels
· Aperiodic – support PUSCH and short PUCCH
Agreement:
· Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91
· Alt-1: Fixed number of bits [2 or 3] bits
· Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)

In this paper, we give our views on the remaining aspects of beam measurement and reporting, in particular QCL indication on the uplink, and details of beam indexing and reporting.

QCL Indication
Transmission Configuration Indication (TCI) was introduced to indicate the transmission configuration for PDCCH and PDSCH. Since analog beamforming is applicable for uplink transmission as well, a similar concept should be applied to PUCCH/PUSCH to indicate the transmission parameters. This corresponds to which analog beam the UE uses for PUSCH transmission. Depending on the beam management procedure, the uplink Tx beam selection can be based on a downlink RS (with beam correspondence), e.g. SSB, CSI-RS; or an uplink RS (without beam correspondence), e.g. SRS. 
Proposal 1: TCI concept is introduced to indicate the spatial QCL for PUSCH. The complete proposal is as follows: 

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
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PUSCH
· PUSCH DCI includes the TCI (N bits) to select one state for current PUSCH DMRS. 
· N could be different from downlink TCI. 
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following RS types:
· SSB (with beam correspondence)
· CSI-RS (with beam correspondence)
· SRS

Proposal 2: The QCL configuration for PUCCH contains the information which provides a reference to a TCI state

Beam Measurement and Reporting 
For beam measurement and reporting in the beam management procedure, L1-RSRP reporting of measurements based on configured CSI-RS and SS-block are supported.  CSI-RS resources are configured measurement resources which represent the beams that have good potential to be selected (Network’s expectation), however, it’s difficult to guarantee that the configured CSI-RS beams can cover all the cases. SS-block, on the other hand, can cover the whole area (not limited by the configured CSI-RS beams) of a cell. The UE needs to scan all possible SS-blocks in a cell to guarantee the necessary coverage. We thus have the following proposal:
We address the reporting configuration, whereas the reporting is to be done on both SS-block and CSI-RS. We propose a unified indexing and reporting framework to be used by the UE for configured CSI-RS and SS-blocks. 
Such a unified indexing maintained at the UE for all RSs involved in beam measurement and reporting allows for measurements on two different RSs without requiring direct comparison between the reports corresponding to the two RSs. The unified indexing framework relies on configuration of SS-block resources for beam management within a resource setting, which can be mapped into a reporting setting. 

Details of beam indexing and reporting

In this section, we give the detailed design on the unified framework for CSI-RS and SS block based RSRP reporting framework. As agreed earlier, RS settings – measurement settings – Reporting settings (same as the configuration framework of CSI acquisition) will be used. In order to support mixed RS type, the RS setting for beam management should support a mixed configuration of CSI-RS and SSBs. Considering that SSB is introduced to maintain the coverage, as proposal-3 suggested, all the SSBs in a cell are used for RSRP measurement. Considering that a possibly large number of SSBs exists in a cell, configuration of SSBs within a resource setting, is proposed. An SSB group concept, whereas SSBs are grouped into subgroups corresponding to different resource settings, is introduced to reduce the number of bits in indexing. If selected, UE reports the SSB group index as well as the maximum L1-RSRP in that group. This is further illustrated in Figure 1.
The measurement setting will then connect all the configured RS resources into one reporting instance. In such case, UE will measure all the configured RS resources in the RS setting, to decide which one to report. In order to avoid direct comparison between CSI-RS RSRP and SSB RSRP, we proposed to configure a threshold in RSRP reporting to determine which RSRP to report. UE procedure are described as following:
1. UE measures all the configured CSI-RS and all SSBs. 
2. UE determines the maximal RSRP(s) on all the configured CSI-RS resources
a. If the maximal CSI-RS RSRP is larger than the configured threshold, UE reports CSI-RS based RSRP and the corresponding index. 
b. Otherwise UE goes to Step-3
3. UE finds the maximum SSB RSRP, then reports the maximal SSB RSRP and the corresponding SSB group index.
RS setting
RS-1, Type: CSI-RS

RS-2, Type: CSI-RS

RS-3, Type: SSB group1

RS-4 Type: SSB group2

RS-5 Type: SSB group3

RSRP Reporting setting
RSRP reporting
Configured Threshold

Measurement Setting

Figure 1: Unified design of RS setting – Report setting based on SSBs and CSI-RS
Proposal 3: To avoid direct comparison of CSI-RS and SSB based RSRP, when both CSI-RS and SSB are configured for RSRP measurement, RSRP reporting setting can be configured with a threshold to select CSI-RS or SSB beam in a given RSRP reporting instance. 
Proposal 4: In order to cover more SSBs, multiple SSB indexes can be grouped and mapped to the same CRI state

Joint Beam Management and Partial Beam Failure Recovery 

Beam management and beam failure recovery are two separate procedures in NR. Network has to potentially configure separate feedback channels for beam management and beam failure recovery. However, these two procedures have some similarity especially for the partial control channel failure case where not all beams failed, and some beams are still functioning. In that case, UE just needs to report the RSRP of the failed beam as an indicator to the network. In other words, the beam management procedure can be used to indicate the partial control channel failure case. We thus propose to utilize a common PUCCH feedback channel to carry indicators corresponding to selected beam reporting in case of beam management, or failed beam reporting in case of partial beam failure recovery. The details of the proposed procedure are in our companion paper [2].
Proposal 5: Beam management procedure should support the indication of partial control channel failure. 

Summary 

In this contribution, we discussed our view on the beam management framework. We made the following observations and proposals.
Proposal 1: TCI concept is introduced to indicate the spatial QCL for PUSCH. The complete proposal is as follows: 

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
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PUSCH
· PUSCH DCI includes the TCI (N bits) to select one state for current PUSCH DMRS. 
· N could be different from downlink TCI. 
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following RS types:
· SSB (with beam correspondence)
· CSI-RS (with beam correspondence)
· SRS

Proposal 2: The QCL configuration for PUCCH contains the information which provides a reference to a TCI state
Proposal 3: To avoid direct comparison of CSI-RS and SSB based RSRP, when both CSI-RS and SSB are configured for RSRP measurement, RSRP reporting setting can be configured with a threshold to select CSI-RS or SSB beam in a given RSRP reporting instance. 
Proposal 4: In order to cover more SSBs, multiple SSB indexes can be grouped and mapped to the same CRI state
Proposal 5: Beam management procedure should support the indication of partial control channel failure. 
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