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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation.
In this contribution we discuss about beam indication, and beam measurements and reporting. 

This is a revision of R1-1718511.
2	Discussion
2.1	Mechanisms to initialize/update the TCI table
RAN1#90bis agreed on supporting explicit approach for the update of spatial QCL reference in a TCI state. It was left for further study whether additional implicit update mechanism(s) is/are supported. Here we discuss about potential implicit mechanisms needed. 

As a result of contention based RACH procedure, from UE point of view there is a QCL association between one SS block and DMRS of NR-PDCCH and DMRS of NR-PDSCH (used for Msg 2 and Msg 4, as well as, signalling between gNB and UE to finalize the RRC connection setup after RACH procedure). It’s considered logical to have this certain SS block beam to correspond one/first indicator state in the indicator table and to be determined implicitly by the UE, as shown in Table 1
[bookmark: _Ref498606857]Table 1 Indicator table for QCL association between DL RS and DMRS of NR-PDSCH
	Indicator state
	RS set
	RS type
	RS index
	DMRS port group

	‘000’
	SS blocks of the cell
	SS block
	SS block index #3 (SS block resource associated to used PRACH preamble)
	#0




Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first indicator state in the indicator table.

The similar principle would apply in case of successful beam recovery procedure. In case the UE determines beam failure and triggers beam recovery, the UE will perform beam recovery procedure based on a certain SS block or CSI-RS resource. When the UE triggers the beam recovery procedure it would empty the indicator table. Then the UE would implicitly determine the association of a DL RS index (of type SS block or CSI-RS) corresponding to the selected beam recovery request resource to an indicator state for QCL association with DMRS of both PDCCH and PDSCH as illustrated in the following table.
Table 2 Indicator table for QCL association between DL RS and DMRS of NR-PDSCH
	Indicator state
	RS set
	RS type
	RS index
	DMRS port group

	‘000’
	Configured SS blocks / CSI-RS resources
	SS block / CSI-RS
	SS block index #3 (SS block resource associated to used beam recovery request resource)
	#0




Proposal: DL RS (SS block or CSI-RS) corresponding to the selected beam recovery resource, if such resource configured to UE, is implicitly determined by the UE to correspond to the first indicator state in the indicator table after successful beam recovery procedure.

Other associations between DL RS index to an indicator state should be explicitly signalled to the UE. Then, the question is that whether explicit signalling based updates on the table are in RRC or in MAC-CE level. In principle, the gNB is able to reconfigure table based on received beam measurement reports from the UE. It’s considered that updating the table could be done in RRC or using MAC-CE. We prefer MAC-CE based explicit signalling mechanism due to lower signalling overhead. 

Proposal: Explicit signalling mechanism to update associations between DL RS index of RS set to an indicator state is based on MAC-CE based signalling. 

[bookmark: _Hlk494656410]2.2	Beam Indication for NR-PDCCH
2.2.1	General
It was agreed that for the DMRS of NR-PDCCH in a CORESET, the QCL configuration/indication is on a per CORESET basis. Configured QCL table associating DL RS index and DMRS of NR-PDCCH could be as follows:
Table 3 Configuration table for QCL association between DL RS and DMRS of NR-PDCCH
	Configuration index
	CORESET config
	Search space config
	RS Set
	RS index

	‘000’
	CORESET #0
	SS #0
	CSI-RS set #A
	CRI #2 (of set #A)

	‘001’
	CORESET #1
	SS #1
	SS blocks of the cell
	SS block #3



Similar to NR-PDSCH QCL indicator table initialization, the contention based RACH and beam recovery procedure should trigger implicit initialization/update on the configuration table for QCL association for NR-PDCCH. It’s further assumed that UE will determine “default” CORESET and “default” search space configuration e.g. for reception of scheduling of Msg2 and Msg4 transmissions, and until UE is re-configured with respect to CORESETs. Initialized configuration as a result of RACH procedure is described in Table 4.
[bookmark: _Ref494357175]Table 4 Configuration table for QCL association between DL RS and DMRS of NR-PDCCH after RACH
	Configuration index
	CORESET config
	Search space config
	RS Set
	RS index

	‘000’
	“Default” CORESET
	“Default” SS
	SS blocks of the cell
	SS block index #3 (SS block resource associated to used PRACH preamble)



Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first configuration index in the indicator table to associate DL RS and DMRS of NR-PDCCH.  

Regarding beam recovery the UE should be a priori configured a CORESET that the UE uses for detecting PDCCH after triggering the beam recovery request signaling and initialized configuration could be as depicted in Table 5.
[bookmark: _Ref494358119]Table 5 Configuration table for QCL association between DL RS and DMRS of NR-PDCCH after beam recovery
	Configuration index
	CORESET config
	Search space config
	RS Set
	RS index

	‘000’
	CORESET configured for beam recovery
	SS #0
	Configured SS blocks / CSI-RS resources
	SS block index #3 (SS block resource associated to used beam recovery request resource)



Proposal: DL RS corresponding to to the selected beam recovery resource is implicitly determined by the UE to correspond to the first configuration index in the indicator table to associate DL RS and DMRS of NR-PDCCH.  

2.2.2	On use of aperiodic CSI-RS
FFS for potentially use of aperiodic CSI-RS for QCL association between RS and DMRS of PDCCH is as follows:
· FFS: Use of Aperiodic CSI-RS 

Beam recovery and radio link monitoring procedures rely on measuring RSs that should be associated RSs that are QCLed with DMRS of NR-PDCCH to be monitored. Thus, it’s logical that these RSs should be periodical or semi-persistent as UE needs to continuously monitor link quality. As a result we don’t see a motivation to associate aperiodic CSI-RSs to DMRS of PDCCH in spatial QCL sense.

Proposal: Aperiodic CSI-RS is not associated to DMRS of PDCCH in spatial QCL manner. 

2.2.3	On necessity of DCI signalling
Related to necessity of DCI signalling to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) our view is that RRC+MAC CE based signalling is enough. Rationale is that RRC+MAC CE based method provides more flexibility in terms of size of configuration – NR-PDCCH DMRS may be associated with different type of DL RSs: SS blocks and periodic CSI-RS each associated to certain search space and CORESET, for instance. 

Proposal: RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) – no DCI based signalling.

2.2.4	On monitoring multiple NR-PDCCH with different RX beams
When a UE is configured with multiple QCL association configurations for NR-PDCCH monitoring, the UE may be configured with CORESETs as illustrated above to have different monitoring periodities associated to certain TX beams. For instance the UE may be configured to have two TX beams for NR-PDCCH monitoring: one for primary TX beam and the other for secondary TX beam as exemplified in Figure 1.
[image: ]
[bookmark: _Ref492504175]Figure 1 Monitoring of multiple NR-PDCCHs where each requires different RX beam at UE.
When connection via “primary beam” works properly and there is active data transmission on-going, semi-static time domain pattern may introduce some negative impact on spectral efficiency as can be seen from the figure where some time domain resources are used to monitor “secondary beam”. Thus, it’s considered that there should be some mechanism at least temporarily to ignore the configured monitoring pattern e.g. in case there is active and successful data transmission via “primary beam”. Such mechanism could be an indication field DCI that could indicate to the UE that monitoring of secondary beam can be ignored for N coming slots. Alternatively or additionally, the mechanism could include some HARQ ACK/NACK feedback from UE in order to verify the indication and to confirm that connection via “primary beam” is working properly.  
[bookmark: _Hlk492469853]Proposal: Specify mechanism to temporarily ignore configured NR-PDCCH monitoring pattern in case of multiple NR-PDCCH beams to monitor requiring different RX beams at UE.

2.3	Beam Indication for NR-PUSCH
For UL beam management similar approaches and principles can be taken as for DL beam management, i.e. UE can be configured an indicator state table providing QCL association between RS and DMRS of PUSCH or DMRS of PUCCH. RS can be downlink RS like SS block and/or CSI-RS and uplink RS like PRACH preamble and/or SRS as agreed for SRS TX beam indication:
	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. 



In RACH procedure, UE determines UL Tx beam for PRACH preamble and Msg3 (carried by NR-PUSCH) based on selected SS block (beam correspondence). The UE could initialize an indicator state table for NR-PUSCH by having SS block used to select PRACH preamble as an RS for the first indicator state. The same can apply for NR-PUCCH indicator state table. Initialized table for NR-PUSCH and NR-PUCCH as a result of RACH procedure could be as depicted in Table 6.
[bookmark: _Ref494660329]Table 6 Initialized indicator table for QCL association between RS and DMRS of NR-PUSCH / NR-PUCCH
	Indicator state
	RS set
	RS type
	RS index

	‘000’
	SS block indices
	SS block
	SS block used to select PRACH preamble



Similarly as a result of beam recovery procedure, UE could re-initialize the indicator table for NR-PUSCH / NR-PUCCH as in Table 7. Note that now RS to be QCLed with DMRS of NR-PUSCH / NR-PUCCH would be DL RS.
[bookmark: _Ref494661656]Table 7 Initialized indicator table for QCL association between RS and DMRS of NR-PUSCH / NR-PUCCH
	Indicator state
	RS set
	RS type
	RS index

	‘000’
	Configured SS blocks / CSI-RS resources
	SS block / CSI-RS
	SS block index #3 (SS block resource associated to used beam recovery request resource)



In addition to above implicitly initialized tables, UE may be explicitly configured SRS resources or DL RSs like SSBs and CSI-RSs for determining TX beam for NR-PUSCH / NR-PUCCH. Furthermore, the gNB could configure the UE with multiple DL RSs as source RSs per one indicator state. These DL RSs would be QCLed in terms of spatial domain parameters together. E.g. one source DL RS is an SS block (wider beam) and the other is CSI-RS (narrow beam) which is e.g. partially QCLed in spatial domain with the SS block (i.e. sub-beam of wider SSB beam). UE could then choose between configured source RSs which one to use for generating TX beam when the corresponding indicator state is signalled to be used for NR-PUCCH / NR-PUSCH. The UE could select the source RS for TX beam generation e.g. based on L1-RSRP measurements made from the RSs. Configured indicator state table for NR-PUSCH / NR-PUCCH could be as illustrated in Table 8.
[bookmark: _Ref494661898]Table 8 Indicator table for QCL association between RS and DMRS of NR-PUSCH / NR-PUCCH
	Indicator state
	RS set
	RS type
	RS index
	Note

	‘000’
	SRS res. set #A
	Periodic SRS
	SRI #2 (of res. set A)
	

	‘010’
	SS blocks of a cell
	SS block
	SS block #3
	Configured CSI-RS is a sub-beam (narrow) from SS block beam (wide)

	
	CSI-RS res. set #C
	Periodic CSI-RS
	CRI #1 (of set #C)
	



Indicator state to use for NR-PUCCH or NR-PUSCH transmission could be signalled in DCI used to allocate both transmissions. Updating the indicator state tables should follow the signaling used for downlink tables i.e. RRC+MAC based signaling.
Proposal: Configuration of uplink indicator state tables should support RRC+MAC based signaling.
Proposal: gNB signals in DCI that is used to schedule NR-PUCCH or NR-PDSCH which indicator state to use for corresponding NR-PUCCH or NR-PUSCH transmission. 
Proposal: Support configuring multiple DL RSs that are QCLed together in spatial domain per one indicator state for UL TX beam indication. 

2.4	Beam Reporting Modes
In previous meetings, it was agreed that L1-RSRP reporting for beam management can be based on three options, namely, SS-block only, CSI-RS only and SS block + CSI-RS independent options. In this section, different aspects of beam reporting modes and their configurations based on SS-block and CSI-RS are considered. 
For CSI-RS based beam reporting, CSI-RS resource set(s) and K-resources with up to 2 APs within each resource set are user-specifically configured by RRC. A network configures resource mapping between APs and TX beams. Based on the configured resource sets and associated resources, UE can report candidate TX beams by indicating the set of CSI-RS resource indices with CSI-RS resource indicator (CRI). 
For SS-block based beam reporting, in connected mode UE is assumed to be aware of SS-block time allocation and associated SS-block indexing. Therefore, UE is assumed to report candidate TX beams via SS-block indices.  

2.5	Full and Diffrential Beam Reporting Modes
In this section, full and differential beam reporting options based on SS-block and CSI-RS are discussed.

2.5.1  Background
	Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)
Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
Note: Mechanisms to reduce UE complexity for beam pair search should be further studied





2.5.2  Full Multi-level Reporting Mode
Figure 3 shows an example of full multi-level based beam report computing for Alt-1 beam group reporting mode. It is worth noting that same reporting scheme can be used also for Alt-2. For the full multi-level based beam report computation, the maximum RSRP and minimum RSRP values over all beam groups are used for the computation power resolution window with the number of power resolution levels K=2n is used to compute uniform power resolution window for a reported differential RSRP values, where n is the number of bits for power levels. More specifically, K-1 different power resolution window values can be computed between maximum and minimum RSRP values where each power resolution window can be calculated as: = (maxj({RSRPi})- minj({RSRPi }))/(K-1), where operator {} defines a set of values. As a result of a common power resolution window for all groups, RSRP values over different beam groups become comparable in terms of power and granularity. Each of RSRP value can be rounded to the closest power resolution level leading to quantized RSRP relative power offset values to be generated. As a result of this, only offset values from the maximum power level needs to be reported for each TX beam in the form of CRI and SS-block index. The beam report can transmitted via physical user-specific uplink control channel, i.e. PUCCH, or as a part of PUSCH MAC CE. 
The set of different relative power resolution levels can be configured user specifically via RRC signalling for measurement configuration. Alternatively, a network can also pre-configure absolute power resolution levels without imposing UE to compute them dynamically. 
By using reported beam group feedback, beam group-specific quantized RSRP values can be reconstructed at gNB as follows: 
· The maximum RSRP value is used as a reference value for the computation of rest of RSRP values 
· For each reported CRI or SSB index corresponding quantized RSRP value is obtained by subtracting the product of offset bits (in 10-base system) and power resolution window from the maximum RSRP value  

The full beam reporting mode can be as summarized as: 
Full reporting mode for Alt-1 and Alt-2 group based beam reporting:  
· Maximum RSRP value in dB over beam groups is included into report. Note: # beam groups ≥1 only supported for Alt-2. 
· 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. Note: For Alt-2 N=1 per group is only supported. 
· 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     

[image: ]
[bookmark: _Ref476135124]Figure 3. An example of full multi-level based beam reporting with N=4. 

Observation: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.

2.5.3  Differential Multi-level Reporting Mode
To reduce further signalling overhead related to beam reporting, a differential beam group reporting mode is considered that enables to track L-new TX beams. Here, L-new TX beams refers to beams that have not being part of previously reported TX beams. Figure 4 shows an example of multi-level differential beam report for N-previously reported TX beams allowing to track L <N new TX beams per group. 

Differential beam reporting mode can be as summarized as: 
· Differential beam reporting mode with L<N new TX beams for Alt-1 and Alt-2 group based beam reporting:   
· Maximum RSRP value in dB over beam groups is included into report. Note: # beam groups ≥1 only supported for Alt-2.
· 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). Note: For Alt-2 N=1 per group is only supported.
· 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. Note: this functionality is not shown in Figure 3. 
· Furthermore, the differential beam group reporting can be configured to report only L new beams, i.e. CRIs/SSB indices, and their power offsets.


[image: ]
[bookmark: _Ref476870405]Figure 4. An example of multi-level differential beam report with capability to track L=2 new TX beams. 
Observation: Multi-level differential beam reporting can enable the tracking of L-new TX beams that not being part of previously reported TX beams. N-bit vector is needed in the report for the indication of new CRIs/SSB index positions. Furthermore, new CRI/SSB indices and their related power-offset are needed to be reported.

Observation: Multi-level differential beam reporting can reduce feedback signalling overhead with respect to the full mode.


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



3	Conclusion
This contribution discussed about beam indication for NR-PDCCH and NR-PDSCH. Based on discussion the following proposals and observations were made:
Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first indicator state in the indicator table.

Proposal: DL RS (SS block or CSI-RS) corresponding to the selected beam recovery resource, if such resource configured to UE, is implicitly determined by the UE to correspond to the first indicator state in the indicator table after successful beam recovery procedure.
Proposal: Explicit signalling mechanism to update associations between DL RS index of RS set to an indicator state is based on MAC-CE based signalling.
Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first configuration index in the indicator table to associate DL RS and DMRS of NR-PDCCH.
Proposal: DL RS corresponding to to the selected beam recovery resource is implicitly determined by the UE to correspond to the first configuration index in the indicator table to associate DL RS and DMRS of NR-PDCCH.  

Proposal: Aperiodic CSI-RS is not associated to DMRS of PDCCH in spatial QCL manner.
Proposal: RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) – no DCI based signalling.
Proposal: Specify mechanism to temporarily ignore configured NR-PDCCH monitoring pattern in case of multiple NR-PDCCH beams to monitor requiring different RX beams at UE.
Proposal: Configuration of uplink indicator state tables should support RRC+MAC based signaling.
Proposal: gNB signals in DCI that is used to schedule NR-PUCCH or NR-PDSCH which indicator state to use for corresponding NR-PUCCH or NR-PUSCH transmission. 
Proposal: Support configuring multiple DL RSs that are QCLed together in spatial domain per one indicator state for UL TX beam indication.
Related to beam RSRP reporting the following proposals are made:
Proposal: Support different beam RSRP reporting modes, i.e. full and differential by using MAC CE and layer 1 control signalling.
Proposal: 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: 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.
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Appendix
Beam indication related agreements in RAN1#90bis (including update after email approval)
	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:
· 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)

Update after email approval:
Agreements:
· Include the RRC parameter: Num-Reported-RS-Measure. Value Range – {1,2,3,4}, Default – 1.
· The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.
· Note: this parameter may not be needed for certain RS and/or report settings
· FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.
· FFS the inclusion of the parameter Apply_Same_SpatialFilter_Mult-SRS-Resource.
· Beam management to not discuss the RRC parameter on power control for SRS and merge it with the power control discussion in UL PC.
· Support parameter Is-TCI-Present
· Whether for the case when at least spatial QCL is configured/indicated, if TCI field is present or not present in DL-related DCI. FFS: Details on whether it is per-CORESET or per-UE configured
· Boolean
· Default is True
· For the case when TCI is not present in DL-related DCI, continue discussion of the details regarding higher-layer signaling of QCL parameters/indication for determining QCL parameters for PDSCH
· NR supports a mechanism to identify the spatial QCL if the offset between the time of reception of DL assignment for the PDSCH and time of reception of PDSCH is less than Threshold-Sched-Offset. 
· FFS: if the identification requires explicit RRC signaling or rule based.
· NR does not support the RRC parameter in beam management: Threshold-Sched-Offset. 
· FFS if such a parameter is included as a UE capability
· Support the following parameter:
· SRS-SpatialRelationInfo Configuration/indication of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS. Source: R1-1718920
· Value range: {SSB, CSI-RS, SRS}
· Support the following RRC parameter:
· resource-config-SS-list   List of SSB resources used for beam measurement and reporting in a resource set. Source: R1-1719059                 
· Value range: {SSB indices}            
· Support an RRC parameter to configure RS resources for the purpose of new candidate beam identification.
· FFS whether the parameter is the type of reference signal or the actual resources used for beam failure recovery.
· Confirm the following  working assumption:
· Beam failure detection is determined based on the following quality measure:
· Hypothetical PDCCH BLER
· FFS: if RRC parameter is required to set different threshold values for UE to detect beam failure.
· Continue discussion on the threshold type, and whether or not the need for RRC parameter for Candidate-Beam-Identification-Threshold
· Support parameter “Beam-failure-recovery-request-RACH-Resource” 
· Parameters for dedicated PRACH resources for beam failure recovery: 
· Preamble sequence related parameters, e.g., root sequence, cyclic shift, and preamble index. 
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Timer for retransmission
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
·  Note: could be a subset of above parameters if re-using the same parameter as initial access
· FFS details of the structure and elements
· No need to introduce RRC parameter Beam-Failure-Resource as it is covered by “Beam-failure-recovery-request-RACH-Resource”
· FFS potential RRC parameter Beam-Failure-Recovery-Response-CORESET & Candidate-Beam-BFR-Resource-List
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