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Introduction
This document provides a summary of remaining critical issues on beam management for December finalization. The highlighted titles are the ones with likely RRC impact.
Open issues for Beam Management
Behavior of Spatial QCL for PDSCH when scheduling offset < k.
Agreement last meeting:
· For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 
· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref: Annex)

The remaining critical open issues:
· What is the assumption of the PDSCH beam when scheduling offset is lesser than k?
· How is the offset threshold K determined?	Comment by Sundar Subramanian: This is related to the spatial QCL latency discussion.

Contribution summary:
· Use the spatial QCL indicated earlier by a scheduling offset. (Qualcomm, Ericsson, ZTE?, Mediatek?, DOCOMO, LGE, Sharp)	Comment by GAO Bo: ZTE supports this approach
· For further decision on whether the earlier indication through DCI is from an allocation with scheduling offset >k or not.
· Use spatial QCL indicated by upper layer signaling (Intel, Samsung, vivo, OPPO, CATT, InterDigital [second preference])
· Use same spatial QCL for the associated CORESET (InterDigital) 
· Use spatial QCL corresponding to the UE’s latest reporting (Huawei)
· At least for the case that the UE’s latest reporting is more recent than the latest spatial QCL indication
· Use TCI state with the lowest index (Huawei)
· No RRC impact
· 
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Configuration of TCI states
Agreement earlier meetings:
Agreement from 90-AH
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:	Comment by Vikram Chandrasekhar: This is superceded by the agreement in [90b-NR-23], copied below, where it was agreed that the QCL configuration for PDCCH is provided on a per CORESET basis
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion

Agreements [90b-NR-23]:
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).


The remaining critical open issues:
· How are the DL-RSs associated with a TCI state first populated and then updated?
· Are Time/Freq references included in TCI?
· What are the steps to configuring the TCI states in a UE – what is the split between RRC and MAC-CE?
· Whether to configure/activate the same table for all channels/RS/CORESET? 

Contribution summary:
· Samsung: Each TCI state may be configured with a candidate set of DL-RSs. (Possibly more than 1) 
· MAC-CE is used to activate/deactivate DL-RS from the candidate set- per TCI state 
· Ericsson: UE configured with a list of set of DL-RSs IDs within each TCI state;, MAC-CE selects one ID from the list to be used for spatial QCL purposes per TCI state to associate the list with TCI states
· ZTE: 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 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH
· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 
· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 
· Qualcomm/DCM: RRC may configure a TCI state with a default DL-RS during configuration
· CATT: RRC configuration of M candidate TCI states, each of which is associated with one RS resource for spatial QCL indication; MAC-CE to activate 2^N state; fine with M>=2^N; also fine with M=2^N if N>=3; support different activated states for different channels;
· HW: RRC configuration of M candidate TCI states, each of which is associated with one RS resource for spatial QCL indication. Support different activated state configuration at least for DL and UL 
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Agreement:
· A candidate set of DL RSs are configured using RRC mechanism
· Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
· The same set of M TCI states are reused for CORESET
· K TCI states are configured per CORESET 
· When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
· When K=1, no additional MAC CE signaling is necessary


Number of TCI states and mapping to DCI bits
Agreement last meeting:
· 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)

The remaining critical open issues:
· Is the number of bits for DCI field fixed? If fixed, is it 2 or 3?
· How do the M states map to DCI field?

Contribution summary:
· N is fixed, and M = 2^N (Ericsson, Samsung, CATT-if-N=3, OPPO, MediaTek, InterDigital, Sharp)  
· N is fixed and M > 2^N (Qualcomm, vivo, CATT-if-N=2, ZTE)
· N is configurable (ZTE, Interdigital, HW)	Comment by GAO Bo: ZTE supports fixed N for TCI states in NR. To be more specific, N for TCI states containing spatial QCL assumption is 2-bit; but, N for TCI states without spatial QCL assumption is 1-bit.
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Agreement:
· For the number of TCI states and mapping to DCI bits, N is 3 bits. 
· Note: The number of TCI states supported by a UE depends on its capability

UE spatial behavior prior to configuration of TCI state
Agreement last meeting:
· None

The remaining critical open issues:
· What is expected UE behaviour before the TCI states are configured using a combination of RRC and/or MAC-CE?	Comment by Stephen Grant: There are already existing agreements on default QCL assumptions for PDSCH/PDCCH before RRC configuration.

Do you mean instead what default QCL assumptions to use before a TCI state is activated, i.e., MAC-CE selects a DL RS ID?	Comment by Sundar Subramanian: Yes

Contribution summary/possibilities:
· Use the beam pair/spatial QCL identified during initial access until TCI states are configured (Ericsson, Samsung, Qualcomm,OPPO, MediaTek, CATT?, HW, Sharp)
· A default TCI state 0 is signaled based on the initial access (Huawei, Nokia, ?)
· Use initial access based beam, no need to signal this TCI state, Is-TCI-present is considered OFF until further configuration (vivo)
· A default TCI state 0 is used after TCI states are configured and TCI-PresentInDCI=Disable
· 

[bookmark: _Hlk499566109]Possible Agreement:	Comment by Sundar Subramanian: Under this approach, no RRC impact needed
Use initial access based beam, no need to signal this TCI state, Is-TCI-present is considered OFF until further configuration
Configuration of RRC state Is-TCI-present
Agreement last meeting:
· Proposal: For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref:Annex)

The remaining critical open issues:
· The issue is if the state Is-TCI-Present configured on a per-CORESET basis or on a per-UE basis
· Details of higher-layer signalling of QCL parameters/indication for determining QCL parameters.

Contribution summary on configuration of Is-TCI-Present:
· On a per-CORESET basis (Samsung, MediaTek, Qualcomm, Ericsson?,  vivo, HW, Sharp)
· On a per-UE basis (Oppo  OPPO [some default/fallback DCIs may not contains the field, but all the other DCIs should contains the field],)

Contribution summary on indication of QCL if TCI is absent on per-CORESET/per-UE basis

· For CORESET configured with TCI not present in DL-related DCI, a reference TCI state (provided by higher-layer signaling) is used to obtain the QCL parameters for PDSCH scheduled on that CORESET. (Samsung)
· 
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Agreement:
· The state Is-TCI-Present is configured on a per-CORESET basis
· For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception

· .




Offline Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot
· Note: The example is clarified by above bullet









Agreement: 
Differential RSRP is computed with reference to the strongest reported RSRP
· Step size: 2dB

Agreement
· Computation of L1-RSRP as a linear average of each port’s RSRP for the 2-port CSI-RS for beam mgmt.



Agreement:
Between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH DMRS are spatially QCL-ed with the SSB determined during initial access

Offline Agreement:
· Aperiodic CSI-RS triggering offset X is configurable.




Provision of spatial QCL for CSI-RS (periodic, semi-persistent, aperiodic)
Agreement last meeting:
Agreement:
SP CSI-RS is activated with RRC + MAC CE

The remaining critical open issues:
· The agreement from RAN1#90b on activation of semi-persistent (sp)-CSI-RS by MAC-CE is requires clarification of whether MAC-CE activates a set of sp-CSI-RS resources as a whole, or it activates selected resources from the set.
· Mechanism to indication of source QCL for:
· P-CSI-RS
· SP-CSI-RS
· AP-CSI-RS
· Whether the same TCI table for PDSCH and CSI-RS should be used?
Possible Agreement:
· Mechanism to indication of source QCL for a resource:
P-CSI-RS – through RRC;	Comment by Sundar Subramanian: RRC impact – as the QCL info per CSI-RS needs to be described
SP-CSI-RS – through RRC, activation deactivation through MAC-CE ;	Comment by Vikram Chandrasekhar: Another possibility which needs to be looked into is that the indication of QCL reference can be provided through a TCI state carried within the activation/deactivation MAC-CE	Comment by Stephen Grant: Agree
AP-CSI-RS – through TCI state indication using DCI	Comment by GAO Bo: Whether/How to associate between AP CSI-RS triggering signalling and (candidate) TCI state indication should be clarified. One solution is to use MAC-CE to establish the association between (candidate) TCI state and AP CSI-RS triggering signalling, and subsequently only one DCI field is used for triggering as well as spatial QCL indication	Comment by 박종현/책임연구원/차세대표준(연)ACS팀(jonghyun10.park@lge.com): It should be at least revised like this. It should be FFS on whether to further connect to TCI or not. 
Agreement:
· Mechanism to indication of source QCL for a resource:
· P-CSI-RS – through RRC configuration
· FFS: If the spatial QCL can be configured through a reference to a configured TCI state
· SP-CSI-RS – configuring the resource(s) through RRC, activation/deactivation through MAC-CE;
· The QCL for SP- CSI-RS is indicated in the same MAC-CE message that activates the SP- CSI-RS. 
· The QCL is provided through an association with one of the M candidate TCI states
· AP-CSI-RS – 
· Through DCI (AP-CSI-report-triggering state indication)
· For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC
· FFS: Value of M
· FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR


Configuration of SRS for UL beam management	Comment by Li Guo: That was discussed in RAN1 #90b and email discussion [90b-NR-17]. From SS’s view, it is a critical and essential issue 
Agreement in last meeting:
· For UL beam management, 
· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings
· configuring one SRS resource spanning multiple symbols 
· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.
· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.
Agreement in email discussion:
· FFS the inclusion of the parameter Apply_Same_SpatialFilter_Mult-SRS-Resource.

The remaining critical open issues:
· Configuring the parameter “Apply_Same_SpatialFilter_Multi-SRS-Resource” to a set of SRS resources for UL beam management


· 
· 
· 
· 
· 
· 

Possible Agreement:
?? 
Provision of spatial relationship for SRS, PUCCH and PUSCH
Agreement last meeting:
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.

The remaining critical open issues:
· How is the signalling of spatial QCL for SRS, PUCCH and PUSCH achieved?	Comment by Sundar Subramanian: For P-SRS, there is an RRC parameter. For SP-SRS and AP-SRS the behaviour could be similar to CSI-RS
For PUCCH and PUSCH, this could be using the TCI framework. The agreement could be similar to CSI.


· Is it only through higher layer signalling or is DCI based signalling included?
· Is the TCI state framework reused?

Contribution summary:
· , 
· 
· 
· 
· 

Agreement:
PUCCH beam indication is introduced by RRC signalling
· Introduce one RRC parameter: PUCCH-Spatial-relation-info
· Information associating an SSB ID or, a CRI, or a SRI
· This is per PUCCH resource configuration

Proposal:
1. Modify the RRC parameter PUCCH-Spatial-relation-info as list. 
0. Each entry can be SSB ID or, a CRI, or a SRI
0. One or multiple SpatialRelationInfo IE(s) is included in the list.
1. Introduce MAC-CE signalling to provide QCL information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info
1. If PUCCH-Spatial-relation-info includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.

MAC-CE Impact:

	TS38.214
	 
	Indication of spatial QCL for PUCCH
	Provides the spatial QCL for a PUCCH resource
	PUCCH resource ID | Bitmap of size [8]
(Bitmap activates one of the [8] entries within the RRC parameter PUCCH-Spatial-relation-info) 



[bookmark: _GoBack]RRC modification:
	PUCCH-SpatialRelationInfo
	New
	PUCCH- SpatialRelationInfo
	List of configurations of the spatial relation between reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS.	SSB Index, NZP-CSI-RS-ResourceConfigId, or SRS-ResourceConfigId
	
	UE-Specific
	
	38.331
	



Possible Agreement:
· 
Repetition of CSI-RS for P2/P3 procedures
Agreement last meeting:
Agreement:
Working assumption from RAN1#90 is confirmed:
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 cannot 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
Furthermore, the following details are agreed
CSI-RS resources in the resource set are TDMed if repetition is ON 
If repetition is ON, The UE does not expect different values for the following parameters across different CSI-RS resources within a resource set
Transmission periodicity
Number of antenna port subject to RAN4 decision
FFS for other parameters

Agreement:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Single resource set with repetition = “OFF”
UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback
Single resource set with repetition = “ON”
UE does not report CRI
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “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
(b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
Note: Not all configurations are applicable for P1/P2/P3
FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)

The remaining critical open issues:
· Sub-selection from the above options for FFS.
· Association of resource set ID(s) with a TCI state

Contribution summary:
· Multiple resource sets, all with repetition = “ON” (Qualcomm, Huawei, ZTE, Samsung?, Samsung, CATT, OPPO [second preference], MediaTek[second preference])
· Multiple equal-size resource sets, all with repetition = “OFF” (Intel, Docomo )
· Neither option is required (Ericsson, vivo, OPPO [first preference], MediaTek, Sharp)

[bookmark: _Hlk499566448]
Possible Agreement:


Agreements:
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set

The remaining critical open issue:
For beam sweeping purpose, each CSI-RS resources within a slot occupies a OFDM symbol. But the available OFDM symbols within a slot, which can be used for beam training, is limited. Currently there is no such configuration for multi-slot configuration of aperiodic CSI-RS, which is very essential use case for beam management like stages P2 or P3. 


· 
· [bookmark: _Toc498709264]
· 

· 

Priority rule for beam reporting
Agreement last meeting:
· None

The remaining critical open issues:
· When there are conflicts between multiple possible reports on a limited capacity UL channel -e.g. PUCCH, there need to be some dropping rules.

Contribution summary:
Huawei : Support the following dropping rules when beam reporting and/or CSI reporting conflicts on short PUCCH and the total payload exceed the maximal PUCCH payload: 
1. AP beam reporting vs P CSI reporting and/or P beam reporting vs AP CSI reporting
AP beam reporting > P CSI reporting;
AP CSI reporting > P beam reporting.
2. AP beam reporting vs P beam reporting
     AP beam reporting > P beam reporting.
3. AP/P beam reporting vs CSI reporting
Beam reporting part 1 > CSI reporting> beam reporting part 2.
Intel: The priority rule of PUCCH for beam reporting and SRS should be the same as that of PUCCH for CSI reporting and SRS
Vivo: Joint reporting at the same resource should be possible if the resource is enough for the simultaneously reported payload.

Possible Agreement:
· 
Implicit update of TCI states
Agreement last meeting:
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.

The remaining critical open issues:
· Support of the implicit TCI state update after a report.

Contribution summary:
· Support of the implicit TCI state update after a report. (Ericsson, Qualcomm, Vivo)
· Do not support – Oppo OPPO, Intel, InterDigital, HW, Sharp

Possible Agreement:
· 
RSRP Beam reporting issues (differential RSRP, quantities in addition to RSRP, beam measurement configuration)
Agreement last meeting:
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization 
· gNB selection of a subset of N beams (DOCOMO): 	Comment by Sundar Subramanian: Has RRC impact – if we skip this option, we can avoid RRC impact
· Add an RRC signaling to turn on or turn off gNB selection of a subset of N beams for the UE to measure and report
· When turned on, the UE reports M (M<=N) beams sQCLed with beam failure detection RS, and the rest N-M beams with highest RSRPs.
· When turned off, the UE reports N beams with highest RSRPs.
· 

The remaining critical open issues:
· Ordering of the RSRP for differential grouping (from strongest to weakest)
· Differential RSRP around the average ? (IDCC)
· Inclusion of values for report other than L1-RSRP – e.g. RI (ZTE, HW), PMI/RI – (Huawei?)
· Computation of L1-RSRP as a linear average of each port’s RSRP for the 2-port CSI-RS for beam mgmt..
· Support of differential RSRP on short/long PUCCH and PUSCH, value of N supported on short/long PUCCH and PUSCH (CATT)
· Configurable stepping size of differential quantization, e.g. 1 or 2dB (HW)
· Including out-of-range at least for 4-bit differential RSRP reporting (HW)

· [bookmark: _Hlk499566428]Possible Agreement:

Spatial QCL latency
Agreement last meeting:
· No agreements yet.

The remaining critical open issues:
· Range of values to be expected at the UE for the latency between signalling of spatial QCL and its application. 

Possible values:

For 120kHz Subcarrier Spacing.
	[bookmark: _Hlk499795063]Parameter

	Possible values

	Minimum time between the transmission of the indication of the spatial QCL for the reception of AP-CSI-RS and aperiodic CSI-RS for beam management shall be at least KB symbols. Symbols measured from last symbol containing the indication to first symbol of CSI-RS. 
· For further discussion on the scenarios e.g. whether UE beam is changed or not changed from the last symbol containing the indication to the first symbol containing the CSI-RS
· Note: The latency may include other latencies e.g. DCI decoding latency
· Note: This is the minimum time required by the UE 
.
	[14], [26] 

	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
Note: CSI-RS maybe for P1/P2/P3 procedures
	 
Alt 1: [14,28, 42]
Alt2: Same as minimum CSI acquisition time


	The minimum number of symbols between a DCI with spatial QCL for PDSCH and the start of the associated PDSCH TTI shall be at least 
	Options: [14], [26], [28]	Comment by min zhang: Typo?

	The minimum number of slots between transmission of the spatial QCL for PDCCH and the application of the PDCCH beam switch shall be at least  assuming MAC-CE based messaging.
	Alt 1: 4, 8, 12, 20 (Values for UE capability)
Alt2: Based on HARQ

	Maximum number of Rx and Tx beam changes a UE can conduct during a slot shall not exceed 
	Options: 7, Every symbol

	The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed 
	1

	The max number of CSI resources to measure L1-RSRP within a slot shall not exceed MB
	[16], [64]

	Minimum time between aperiodic SRS for beam management and its DCI shall be at least D1 symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
	Options: [14], [26], [42]

	Maximum index of SRI for beam indication is D2
	[1], [4]



Possible Agreement:
· 

UE triggered beam measurement and/or reporting
Agreement last meeting:
· No prior agreement

The remaining critical open issues:
· Should a UE triggered method for beam training request or beam reporting be included (e.g. event based)?

Contribution summary:
· UE to support a method to signal request for beam training (Qualcomm) or beam report (Qualcomm, Apple, vivo) or terminate current beam training(Huawei) based on UE events

Possible Agreement:
· 

Beam Management without Beam Indication
Previous agreements
Agreement: (RAN1#86bis):
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

Agreement: (RAN1#87):
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 

Agreement: (RAN1 NR Ad Hoc #1):
· 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: (RAN1#89):
· 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

Remaining critical open issues:
· Configuration of TCI framework for the case of no beam indication
· P3 procedure for the case of no beam indication
· Configuration of default QCL assumptions

Contribution summary:
· Ericsson: configuration of single TCI state, no TCI in DCI, CSI-RS set ID for P3 as QCL reference
· Samsung: UE assumes that its UE-specific PDSCH, PDCCH and CSI-RS (if configured) are QCL-ed with the SSB/PBCH determined during its random access procedure.

Possible agreement:
· 
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