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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. [1]
In the contribution we discuss about the following remaining issues of beam management. More specifically we consider the following topics:
· Default TCI state 
· Maintaining the same understanding on SSB/CORESET#0/SS#0 for non-broadcast PDCCH
· PUCCH Beam Management
· PUSCH Beam Indication
· On DL and UL Beam Tracking
· Decoupling DL and UL beam selection
· Joint SSB+CSI-RS L1-RSRP reporting
· On Spatial Relation between UL and DL beams
2	Discussion
2.1	Default TCI State
One of the remaining issues is to define how spatial relation is assumed by UE before and after RRC configuration but before MAC-CE activation signaling, e.g. for PDCCH. In other words, it’s open how to define a default or implicit TCI state. That is needed e.g. in beam recovery and radio link monitoring since currently in 3GPP TS 38.213 the support of implicit configuration of BFD-RS (q0) is based on PDCCH TCI. Thus, there is an ambiguity or actually lack of specified behavior of how UE performs beam failure detection during time between initial access (msg.1/msg.2 onwards) and before the activation of TCI state for PDCCH. 
One option would be to define in the 3GPP TS 38.214 the assumption of an implicit TCI State configuration for PDCCH and PDSCH based on the indicated reference signal (SS/PBCH Block) in initial access. In more general view this approach could be used also in case of handover/beam failure recovery using dedicated signaling (here DL RS can be either SS/PBCH block or CSI-RS).  
Proposal 1: Assume implicit TCI-State for PDCCH and PDSCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command.
2.2	Maintaining the same understanding on SSB/CORESET#0/SS#0 for non-broadcast PDCCH
The following agreement was made in RAN1#92bis:
	Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


In the agreement, solution(s) were left for further study that how NW and UE maintain the same understanding on SSB, CORESET#0 and search space set #0 in connected mode for non-broadcast PDSCH. It was agreed that TCI state(s) is/are configured per CORESET. However, it has been open whether or not CORESET#0 can be configured with TCI states.
Observation 1: It has been agreed that TCI state(s) is/are configured per CORESET for PDCCH monitoring. 
A simple solution to maintain certain SSB for CORESET#0 in PDCCH monitoring is rely on existing TCI framework and related mechanism. In other words, the CORESET#0 should also be configurable with TCI states. One restriction may be needed though: source RS providing QCL type D parameter per TCI state should be SS/PBCH block.
Proposal 2: CORESET#0 can be configured with TCI state(s).
Proposal 3: Source RS providing QCL type D parameter per TCI state configured for the CORESET#0 is SS/PBCH block.
Discussion on CORESET#0 configuration can be found in our accompanying contribution in PDCCH structure AI [6].
2.3	PUCCH Beam Management
As discussed in [2], configuration of spatial relation info, as well as MAC activation, is per PUCCH resource and the UE may have up to 56 PUCCH resources configured in total. Given the assumption that the same activated spatial relation info is applied for each resource there may be significant overhead (e.g. 56 separate MAC commands to switch TX beam for PUCCH resources) when spatial relation infos need to be updated within pre-configured set of spatial relation infos. Thus, it should be supported that common spatial relation info configuration and activation command across all the sets can be provided.
Observation 2: In typical operation the same (activated) spatial relation info is assumed to be applied for each PUCCH resource in each PUCCH resource set where PUCCH resources and resource sets are essentially to provide flexibility for UCI transmissions in terms of time and frequency domain allocations and PUCCH formats. 
Proposal 4: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
2.4	PUSCH Beam Indication
As discussed in [3] it still remains unspecified how to provide beam indication for PUSCH when the PUSCH is scheduled with DCI format 0_1 without SRI and without SRS transmission triggering. This specific transmission scheme is very attractive for the system operation because system overhead from periodical/semi-persistent SRSs can be avoided. Even though it was agreed in RAN1#92bis to have SP-SRS mandatory to provide dynamic beam switching for PUSCH (codebook or non-codebook based transmission schemes with triggered SRS transmissions) use of SP-SRS would mean (periodical) system overhead when activated while e.g. uplink channel state information can be determined e.g. from PUCCH and/or PUSCH DMRS. Thus, we see it very important, firstly, to support PUSCH scheduled with 0_1 without SRI and SRS triggering and, secondly, dynamic beam indication for it. 
Based on discussion the following proposals and observations are made related to PUSCH beam indication:
Observation 3: PUSCH beam indication is not specified for the case when PUSCH is scheduled with 0_1 without SRI and SRS transmission triggering.
Observation 4: PUSCH scheduled with DCI format 0_1 without need for SRS resource triggering is attractive transmission scheme for the network because uplink CSI can be determined from PUCCH and/or PUSCH DMRS without need for configuring and activating SRS causing overhead. 
Proposal 5: For PUSCH scheduled by DCI format 0_1 without SRI and with no triggering of SRS resource, the UE shall use a spatial relation corresponding to the spatial relation used by the PUCCH resource with the lowest ID configured in the active UL BWP.
2.5	On DL and UL Beam Tracking
In [4] it was discussed how currently defined beam management framework supports beam tracking for both downlink and uplink. Based on discussion it was observed that uplink beam tracking (i.e. beam selection and beam indication including beam switching for uplink channels) requires more frequent RRC level reconfiguration than needed for downlink beam tracking. In essence, while for downlink higher layer configuration can configure up to 64 candidate “beams” then for uplink higher layer configuration can configure only up to 8 candidate “beams” (i.e. spatial relation infos). Based on the discussion the following observations and proposals were made:
Observation 5: Uplink beam tracking and switching requires much higher RRC and MAC level signaling overhead than needed for downlink beam tracking and beam switching. 
Proposal 6: Support max number of spatialRelationInfos to be 64 for uplink signals and channels.
2.6	Decoupling DL and UL beam selection
In [5] it is discussed that based on current defined mechanism the gNB would determine both downlink and uplink “beam pair links” based on received L1-RSRP reports on configured beam management RSs, i.e. SS/PBCH blocks and/or CSI-RSs. However, the L1-RSRP report does not reveal potential power reduction due to MPE the UE may need to do if transmitting to a certain direction. Thus, it may happen that gNB configures (and activates) for the uplink a beam direction using which the UE may need to backoff the transmission power making the TX beam weaker than the gNB has determined based on received L1-RSRP on source RS it configured for the uplink TX beam determination. 
Based on discussion in [5] we made the following observations and proposals:
Observation 6: Both downlink and uplink beam pair links should be able to be determined based on DL RSs.
Observation 7: Received L1-RSRP report on configured downlink RS does not reveal UE’s possible TX power reduction needed in uplink transmission using the RS as spatial source.
Obervation 8: Current L1-RSRP reporting scheme could be enhanced by configuring UE to report additional metric like a power headroom calculated on measured downlink RS used for L1-RSRP measurement. Based on received additional metric the gNB would be able to determine which DL RSs are are feasible to be configured as source RSs (spatial relation infos) for the uplink.

2.7	Joint SSB + CSI-RS L1-Reporting 
In [7], remaining open issues of joint SSB and CSI-RS L1-RSRP beam reporting are discussed. 
The specification TS 38.214, Sec.5.2.1.4 supports UE to be configured for L1-RSRP reporting with both CSI-RS and SSB resources. However, in TS 38.214, technical details are missing how to perform L1-RSRP reporting when both SSB and CSI-RS resources are configured for UE. 
Based on discussion in [7] we made the following proposals:
Proposal 7: In NR Rel-15, support the following joint SSB and CSI-RS L1-RSRP beam reporting configuration: 
· If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.  
· If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
Proposal 8: Text proposal to 3GPP TS 38.214:
==========================Text proposal starts=============================== 
5.2.1.4.2 Report Quantity Configurations 
< Unchanged parts are omitted > 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’ or CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ 
< Unchanged parts are omitted > 
5.2.1.4.3 L1-RSRP Reporting 
< Unchanged parts are omitted > 
When value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ the UE shall jointly measure L1-RSRP with CSI-RS and SSB resources that are on the same OFDM symbols and spatially QCL:ed. 
If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.  
If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
< Unchanged parts are omitted > 
=========================== Text Proposal ends============================== 
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In [8], the problem of UL BM based DL CSI acquisition with precoded DL DMRS transmission for NR Rel-15 is considered. 
In NR Rel-15, DL beam indication framework at higher carrier frequencies is based on the assumption of UE beam correspondence between UL and DL beams. In TS 38.214 and TS 38.331 specifications, this functionality has been implemented as a part of TCI-state framework by using resource of DL RS as a spatial source for either other DL RS or UL RS resource. Despite of the assumption of UE beam reciprocity, TS 38.214 specification provides also support for UL BM based non-beam reciprocity operation. However, current NR specification has a limited support for UL BM based operation with downlink PDSCH transmission. 
Based on discussion in [8] we made the following observations and proposals:
Observation 9: Current NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Observation 10: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
Observation 11: Current TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
Proposal 1: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-15 NR.
Proposal 2: Text proposal to 3GPP TS 38.331, required changes marked with green color:
==========================Text proposal starts===============================
TCI-State
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::= 				SEQUENCE {
	tci-StateId					TCI-StateId,
	qcl-Type1					QCL-Info,
	qcl-Type2					QCL-Info																					OPTIONAL
}

TCI-StateId ::=				INTEGER (0..ffsValue)

QCL-Info ::=				SEQUENCE {
	referenceSignal				CHOICE {
		csi-rs						NZP-CSI-RS-ResourceConfigId,
		ssb							SSB-Id,
		-- A TRS (Tracking Reference Signal) configuration represented as a set of CSI-RS-Resources in a NZP-CSI-ResourceSetId
		trs							NZP-CSI-ResourceSetId
	     srs                         SRS-ResourceId		   														},
	qcl-Type					ENUMERATED {typeA, typeB, typeC, typeD},
	...
}

=========================== Text Proposal Ends==============================



3	Conclusions
This contribution discussed about remaining issues on beam. Based on discussion the following proposals and observations were made:
Default TCI state:
Proposal 1: Assume implicit TCI-State for PDCCH and PDSCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command.
Maintaining the same understanding on SSB/CORESET#0/SS#0 for non-broadcast PDCCH:
Observation 1: It has been agreed that TCI state(s) is/are configured per CORESET for PDCCH monitoring.
Proposal 2: CORESET#0 can be configured with TCI state(s).
Proposal 3: Source RS providing QCL type D parameter per TCI state configured for the CORESET is SS/PBCH block.
PUCCH Beam Management:
Observation 2: In typical operation the same (activated) spatial relation info is assumed to be applied for each PUCCH resource in each PUCCH resource set where PUCCH resources and resource sets are essentially to provide flexibility for UCI transmissions in terms of time and frequency domain allocations and PUCCH formats. 
Proposal 4: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.

PUSCH Spatial Relation Indication:
Observation 3: PUSCH beam indication is not specified for the case when PUSCH is scheduled with 0_1 without SRI and SRS transmission triggering.
Observation 4: PUSCH scheduled with DCI format 0_1 without need for SRS resource triggering is attractive transmission scheme for the network because uplink CSI can be determined from PUCCH and/or PUSCH DMRS without need for configuring and activating SRS causing overhead. 
Proposal 5: For PUSCH scheduled by DCI format 0_1 without SRI and with no triggering of SRS resource, the UE shall use a spatial relation corresponding to the spatial relation used by the PUCCH resource with the lowest ID configured in the active UL BWP.

On DL and UL Beam Tracking:
Observation 5: Uplink beam tracking and switching requires much higher RRC and MAC level signaling overhead than needed for downlink beam tracking and beam switching. 
Proposal 6: Support max number of spatialRelationInfos to be 64 for uplink signals and channels.

Decoupling DL and UL beam selection:
Observation 6: Both downlink and uplink beam pair links should be able to be determined based on DL RSs.
Observation 7: Received L1-RSRP report on configured downlink RS does not reveal UE’s possible TX power reduction needed in uplink transmission using the RS as spatial source.
Obervation 8: Current L1-RSRP reporting scheme could be enhanced by configuring UE to report additional metric like a power headroom calculated on measured downlink RS used for L1-RSRP measurement. Based on received additional metric the gNB would be able to determine which DL RSs are are feasible to be configured as source RSs (spatial relation infos) for the uplink.
Joint L1-RSPR Reporting for SSB and CSI-RS:
Proposal 7: In NR Rel-15, support the following joint SSB and CSI-RS L1-RSRP beam reporting configuration: 
· If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.  
· If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
Proposal 8: Text proposal to 3GPP TS 38.214:
==========================Text proposal starts=============================== 
5.2.1.4.2 Report Quantity Configurations 
< Unchanged parts are omitted > 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’ or CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ 
< Unchanged parts are omitted > 
5.2.1.4.3 L1-RSRP Reporting 
< Unchanged parts are omitted > 
When value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ the UE shall jointly measure L1-RSRP with CSI-RS and SSB resources that are on the same OFDM symbols and spatially QCL:ed. 
If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.  
If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
< Unchanged parts are omitted > 
=========================== Text Proposal ends============================== 

On Spatial Relation between UL and DL beams:

Observation 9: Current NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Observation 10: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
Observation 11: Current TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
Proposal 1: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-15 NR.
Proposal 2: Text proposal to 3GPP TS 38.331, required changes marked with green color:
==========================Text proposal starts===============================
TCI-State
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::= 				SEQUENCE {
	tci-StateId					TCI-StateId,
	qcl-Type1					QCL-Info,
	qcl-Type2					QCL-Info																					OPTIONAL
}

TCI-StateId ::=				INTEGER (0..ffsValue)

QCL-Info ::=				SEQUENCE {
	referenceSignal				CHOICE {
		csi-rs						NZP-CSI-RS-ResourceConfigId,
		ssb							SSB-Id,
		-- A TRS (Tracking Reference Signal) configuration represented as a set of CSI-RS-Resources in a NZP-CSI-ResourceSetId
		trs							NZP-CSI-ResourceSetId
	     srs                         SRS-ResourceId		   														},
	qcl-Type					ENUMERATED {typeA, typeB, typeC, typeD},
	...
}

=========================== Text Proposal Ends==============================
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